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As far as is known, polysaccharides are found in all living 
things. 	In animals, plants, and micro-organisms they function 
as energy reserves and structural materials. 	In animals their 
structural role is performed in connective tissue, in plants in 
the cell walls, and in micro-organisms as cell wall materials 
and extracellular capsules. 
It has been suggested that if polysaccharide chemistry is 
ever again to make a major contribution to our knowledge of 
molecular theory and molecular biology then it will be through 
an understanding of the correlation between polysaccharide 
stcture, physical properties, and biolcgical activity. 	The 
work for this thesis has concentrated on the structure and 
enzymology of two families of seaweed and bacteria! - poly-
saccharides, namely carrageenans and colanic acids respectively, 
which are currently being examined towards this end. 
Carrageenans are a family of sulphated galactans. They 
are found in the cell walls or intercellular regions of certain 
members of the red seaweeds (Rhodophyceae). 2 2 	 They are 
thought to act as a cushion against buffeting by the waves, 
and in a related f'rnily of seaweed polysaccharides (agars) 
Rees and Conway have shown how the chemical structure and 
biological activity can be correlated. 	Further structural 
details, the way in which enzymes may transform a non-gelling 
polysaccharide/... 
2. 
polysaccharide Into a gelling form, and the significance of 
this in the cell wall matrix will be discussed in subsequent 
chapters. 
The gelling properties which make the carrageenans s 
important in the living plant also make them useful as raw 
materials for industry. When extracted from the seaweed the 
gels are colourless, odourless, non-toxic, and are ideal as 
thickeners and stabilizers in the food industry. 	Applications 
include milk stabilizing for which they are particularly useful 
because of the complex which is formed with the milk protein. 
Other uses are in the manufacture of ici cream, low calorie 
jams, and in the pharmaceutical and cosmetic industries 6 
They are composed of Q-galactose residues which are 
arranged in a strictly alternating _1,4 and 01-1,3 series 
but, as in porphyran, this regularity is masked by other 
structural features 8 	The 4-linked V--unit is often 
3,6-anhydro--U-9alactose9 which may be 2-suiphated; when the 
anhydro ring is not prescnt sulphate half ester groups are 
found in various combinations on positions 2 and 6, 	(The 
agars have the .. sugar as the 4-linked unit, and are less, and 
more variably, suiphated) . The 3-linked p-units are 
sulph:.ted on either positions 2 or 4, although occasionally on 
neither 9-14 
3 . 
The 4-linked unit is 
OR 
3, 6.-anhydro--ga lactose 	 Q-galactose 6-sulphate 
- or its 2-sulphate 	 - or its 2-sulphate 
The 3-linked unit is 
-galactose 
- or 2-sulphate 
- or 4-sulphate 
The polysaccharides are extracted from the weed with 
hot water, and when this extract is treated with potassium 
chloride two fractions are obtained; one is a precipitate 
( 4. -carrageenan), while the other remains in solution 
(,\,-carrageenan) 15 
	Several structural types are 
recognised, wichin each of which there is variation in the 
distribution of sulphate and anhydride without any clear-cut 
structural distinction. 	It .s therefore convenient to give 
each type an idealised representation. The procipitate, 
typically from Chondrus species, consists of one structural 





ç -CARRAGEE NAN 
In some species, e.g. Eucheuma spinosurn and AQardhiella 
• 	tenera, the precipitate consists of a type sii.uilar to )< in 
most respects except that a more highly sulphated unit is 
present. 	This is called L -carrageenan 








The soluble system has been shown to consist of two types 
of polysaccharide, and the, name X-carrageenan has now been 
applied to one of these (Iv). 	The other component, named 
-carrageenan (v), can be separated only after a prior 
chemical modification involving the use of alkaline boro-



















Aspects of the structure of the extracellular slime poly-
saccharide from the Gram negative bacterium 
K12 (S53) have also been studied. 	In this micro-organism a 
bacterial mutation has changed the extracellular polysaccharide 
from a coherent capsular gel to a soluble slime 18, 
Strains of this micro-organism are normally present in the 
U ealthy alimentary tract, but have been found as pathogens In 
various human and animal infective conditions. Many bacteria 
secrete extracellular polysaccharides, known as capsules if 
relatively small and coherent, and as slimes if diffuse. 	It 
would seem that these structures form a protective layer round 
the cell and lower its susceptibility to attack from viruses or 
the phagocytes of the host animal 19 
	This polysaccharide 
corresponds to material isolated by Goebel (1963) 
20  to which 
he gave the name colanic acid, and - it would seem appropriate 21 
to use this as a family name to refer to the group of extra-
cellular polysaccharides which showed a characteristic pattern 
of methyl glycosides produced by methylation and methanolysis. 
Structural studies of 353 polysaccharide have been made 21,22. 
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This thesis is concerned with the elucidation of the 
molecular structure of the end group "C", which is 4,6-0-. 






Bacteria are antigenic, and this is known to be related in 
some way to their specific surface structure30 The cell wall 
is most important in this respect, but colanic acid has also 
been shown to possess antigenic accivity.  
23,  which must be 
related to its structure 19 0 
Gels may :e considered the characteristic state for poly-
saccharides, and may often owe their properties to an inter-
connected network of chains into which are inserted molecules 
of solvent and other species. The way in which this network 
is arranged gives the gel its physical properties, shape, and 
texture. Many of the chain segments are free and have a 
limited ability to move abo'; in 	lution others are 
associated in linkage regions which may oven he of a crystalline 
nature. 





Fig. I. Gel formation in carrageenans; randomly coiled polysaccharide chains in solution coming together 
to form double helices. 
9. 
when warmed, and set again on cooling. Special examples are 
- 	J...,.. 1 1..  	1 	 4 	 1 1 .1 	- • - 	D iru 	important. ,o iur.ue, ..G.LJ.U.LOS 	 n 
which may be regarded as gels with the solvent removed, and, at 
the other end of the spectrum, )-carrageenan which forms true 
aqueous solutions with no permanent interaction between chains. 
It is remarkable that an agar gel, for exarnple,.which contains 
1_.-t% mi _r 	...1..__ 	4.. 	can 	- discrete  Ofli.y 	 puy t.c*J.1L Q 
dimensional shape and have sharp melting and setting points 
These, then, are the physical properties most typical of 
polysaccharides, and it is important to find out how so few 
molecules alter so drastically the properties of a solvent, and 
the part the system, plays in nature. To answer this, the 
primary structure, how the polysaccharide is coiled and folded 
in the natural state, and the nature of the junction zones in 
the threedimensional gel network must be known. From this 
might follow a study of the detailed molecular mechanisms by 
which the shape is altered in the living cell, which should 
include a study of the enzymes involved. 
The primary-structure alone can provide much information 
about these systems, although it is not sufficient to 
characterise them fully. 	For example, from a comparison of 
the gel forming ability of various K-carrageenans with their 
patterns of suiphation, and the ext'nt to which 3,6-anhydro--
galactose was present, it has been possible - to deduce some of 
the properties of the junction zones. The 6-sulphation of 
4-linked units has a dramatic effect on gel strength which can 
be/.. 
10. 
be traced to the conformational difference between galactose 
6-sulphate (Ci) and 3,6-arihydrogalactose (1C) which it replaces 
i.e. an isolated 6-sulphate represents a cevere "kink" in the 
polymer chain, and this would prevent the formation of junctions, 
thus causing a fall in gel strength. 
The secondary structure, i.e. the way in which a polymer 
extends in three dimensions, is probably determined by the 
primary structure, and it is to be hoped that within the next 
few decades it will become possible to predict it safely from 
the primary structure. At present the secondary structure 	- 
must be determined experimentally, using methods such as 
spectroscopy and X-ray diffraction but, even so, interpretation 
of such physical methods always requires knowledge of the 
primary structure. 
The primary and secondary structures, together with know-
ledge gained from other physical techniques, ,ill allow the 
formulation of the tertiary structure which is the interaction 
of chains to form the three dimensional gel network. 
In the case of carrageenans it seems probable that the 
junction zones in the gel are composed of two polysaccharide 
chains which have come together to form a double helix, while 
other regions have been unable to do this due, at least in part s 
to thc conformation of some of the monosaccharide units. One 
chain may form double helices with a number of other chains 
which link up in a similar manner, thus setting up a network, 
although parts of each chain may be unaffected (Fig. 1). 	Gel 
forming/... 
11. 
forming ability is cation dependent. 	In c- and 2.-carrageenans 
larger cations such as i(+ r + 	+ 	4 MT1 + 	- 	 ling, n , , an 1A. prozioe ge. Lf 
probably by stabilizing the double helices, whereas smaller ones 
such as Na' and Li 
-I-.do  not. 	In ).-- and 1u.-carrageenans gels 
will not form at all, and in this case, if models are constructed, 
it is impossible to fit the chains together to form double 
helices Ci1CCS
The chemistry of bacterial polysaccharides has not yet 
reached a stage when the physical states of the polymers can be 
explained in terms of a molecular model. This i probably 
/ 	because no one has yet examined these polysaccharides in any 
great depth. 	Another problem, in the case of extracellular 
species, is the way in which they are attached to the cell wall. 
TABLE 1. 	 Description of Po.izsaccharides. 
Genus Species Abbreviation Code )or N0 Source Date References 
Furcellaria fastigata Ffk RENJ5259 )t +81.4 Northumberland  35,38,39, 	61129,2,40 
Ffl • RENJ5260 X +42.6 
Strait. 
Nova Scotia. 	J 
1965 
35, 	2,39, 	6,29, 40. 
Cigartina canaliculata Gcak RENJ5264 - +68.6 Pacific Coast ) 1966 39, 	6. 
of Baja. 
•TI Gcal RENJ5263 I California. 	
5 
39, 	6. 
Gigartina chamissoi Gchk RBX5354 +54.1 Peru. 1966 - 
H H Gchl REX5353 +58.8 J - 
Gigartina atropurpurea Gati REX5355 +58.9 New Zealand. 1965 - 
tenera Agardhiella At RENJ5223 - +67.4 Hungars Creek, Oct. 39, 	6. 
Virginia. 1964 
Euccheuina uncinatum Eu RENJ5262 - +36.4 Gulf of Spring - 
California. 1966 
ICucheuna isofonne El RENJ5261 - +53,7 Florida Keys. 1966 39, 	6. 
Eucheuma cottonil Ec REX5202 - - - 1964 29 3 39. 
Eucheuma nosum. Es R95201 - +35.0 - 1964 29,39. 
Ahrifeitia • thrvlllaei Ad REX5347 - +4.4.2 Peru. 1966 2,39, 	6. 
nngog rce1latus REX5350 - +59.6 Peru. 1966 39. 
GioloDeltis furcata Gf REX5403 - -28.5 South Korea. 1967 209, 6,41,36. 
Paenia him,'antolDhora Ph  REX5356 - • -__• New. Zealand. 1965 - 
Uetermiriecl by I'arir1e Cclloid.s Inc. 
12. 
SECTION 	A. 
The Repeating-Structures of some Ca rraeenan. 
Introduct_ion 
The various polysaccharide types in hot water extracts frm 
the carrageenans have been discussed in the General Introduction. 
There are many other red seaweed polysaccharides about which 
little is known and, as part of a larger structural investiga-
tion, a number of them have been examined. They were supplied 
by Marine Colloids Inc., and their sources and physical 
properties suggest that they are related structurally to the 
carrageenans, and they all have physical properties which could 
be commercially useful. Those which can be fractionated by 
treatment with potassium chloride are designated - and - as 
appropriate. 	The polysaccharides are listed in Table 1 9 to- 
gether with other relevant information, manufacturer's code 
numbers and abbreviations which, when appropriate, will be used 
instead of their full names. 
The investigation has been carried out in two parts, one of 
which was a methy1t5.on study by Mr. A. Penman, to whose thesis 
reference will be made from time to time. Characterisation of 
methylated galactoses and methylated derivatives of 3,6-anhydro-
galactose gives only the positions at which the sugars are 
substituted/... 
- 	 13. 
substituted; it gives no information about the nature of the 
substituent, whether it Is a sulphate group or another sugar 
unit, or about the sequence of units. An unambiguous inter-
pretation of methylation data, therefore, can only be made in 
conjunction with other information. Although a preliminary 
interpretation is possible by analogy with other related. poly- 
- - 	I - 	I 
	structures .L.. 	only - 	- .1. - .L. - - 	 rt 
	
dccLdr1Qes, bIiuu 5 Cdli Ofl.a.  .CI&Ld.v. The ar.Lc1rkJeIufl 
of the sugar residues in the polysaccharide backbone and the 
placing of some of the sulphate groups are examined in this 
chapter. This, together with the results from mthylation has 
• enabled a good picture of the polysaccharide structures to be 
built up. The great importance of primary chemical structures 
has been stressed 26,  and when the polysaccharides are discussed 
individually they will be examined for structural features which 
could be important for further chemical, physical, and bio-
synthetic studies. 
In early work the evidence for the type of repeating back-
bone, outlined on page 2 of the General Introduction, was the 
isolation of derivatives of the repeating disaccharide unit, 
3,6-anhydro-4-Q- P -D-galactopyranosyl--gaiactose dirnethyl 
acetal (carrabiose dirnethyl acetal), in yields after controlled 
partial fragmentation of be -weenC and 75°' 
27
,14 	oligo- 
saccharides were found which could have arisen from parts of 
the molecules which deviated from regularity, clearly demonstra-
ting that they must have substantial regions of strict alterna-
tion. However, the presence of a small number of differently 
arranged/... 
14. 
arranged units could not be excluded 27 	More recently a better 
28 method has been proposed , based on the following prncplec. 
In a polysaccharide with regions of strictly alternating galactose 
and 3,6-anhydrogalactose units methanolysis will first cleave 
3,6-anhydrogalactosyl linkages. 	A minor proportion of 'alactosyl 
bond cleavage is unavoidable however, and leads to & diminished 
4 	 11 yield of carrabose imchyl acotl 	• 	This secondary cicavage 
is measured by a control experiment in which pure carrabiose 
dirnethyl acetal ismethanolysed under the same conditions as the 
polysaccharides (see Exp. 7). 	The yield of carrabiose 
derivatives from the polysaccharides can now be corrected to give 
the yield which would be obtained if there were no side reactions. 
This result, called the "concentration of available carrabiose", 
represents only carrabiose units which can be released by 
methanolysis; it does not include any 3 9 6-anhydrogalactose 
combined in any resistant carrahiose segment or segments of any 
other type. 	When all the 3,6-arthydrogalactose in the poly- 
saccharide can be readily obtained as carrabiose segments, then 
the "carrabiose content" is 100%. 	"Carrabiose content" is 
defined as follows; 
"concentration of available 
"Carrabiose content" 	 carrabiose"* 	x 100 
"apparent carrabiose content" 
* Both terms are measured for the same solution. 
The "apparent carrabiose content" is the total anhydride con-
centration, expressed as though it were all present in carrabiose 
segments. 
15. 
When -carrageenan from Chondrus crispus was treated with 
alkaline boruhydride, 3 3,6-anhydrogalactose units were formed in 
 28 
such a proportion that the molar ratio of ,6anhyro- 
.galactose:galactose changed from 0.89: 1 to 1:1. 	The carrabiose 
content of the polysaccharide was measured before (88%) 2 and 
after (ioc,), alkali modification. 	In the alkali-modified poly- 
saccharide, all the 3 9 6-anhydrogalctose units must have existed 
in carrabiose segments. 	Therefore, in the unmodified polymer, 
half of the sugar residues must have been 3 2 6-anhydrogalactose or 
its chemical precursor ]1• 	The evidence for the nature of this 
precursor will be discussed later, but for the present it is 
taken as galactose 6-sulphate. 
The structure of the polysaccharide before alkali modifica-
tion may be represented: 
_A_G.G*_GA_ where A 	3,6-anhydrogalactose 
C = galactose 
precursor unit. 
To a first approximation, mild methanolysis will only split A-G 
bonds, so that only one of the two carrabiose segments in the 
chain will be released, and the yield of carrabiose in this 
instance, is only 5V%. 	Alkali modification converts this into: 
A-G-AG-A- 
which now shows a carrabiose contend; of 10. 	Thus a low 
carrabiose content (88% for the case cited) .11  for a poiy-
saccharjde. in the "native" state does not contradict the con-
clusion that all the 3,6anhydrogalactose units are in carrabiose 
segments/... 
16. 
segments, but merely that they cannot be split out as such. To 
account for the increase in carrabiose content after alkali 
modification the precursor units must have been 4-1inked and have 
occupied positions in the polysaccharide chains in place of the 
3 2 6-anhydrogalactose. This further showed that precursor and 
anhydride units must have been in the same chains, and not present 
in contaminating polysaccharides or single unit side chains 
k- and p-carrageenans from Chondrus crispus have also 
been examined 13,  but, in their case, due to the method by Which 
they were separated, carrabiose contents could only be taken after 
alkali modification. 	Their respective molar ratios of 3 9 6- 
anhydrogalactose:galactose were found to be 0.86 and 0.96. 
Alkali modified )...-carrageenan showed a carrabiose content of 
94.55/o, a little lower than alkali-modified 	-carrageer:an, and 
is explained by the possibility of side reactions during alkali 
modification, and of incomplete 6-suiphation of the 4-linked 
precursor units. 	For the polymer in the native state this 
result must represent its minimum degree of alternation. 
.X_ -carragoenan was therefore defined by the idealised formula 
which has been referred to in the General Introduction (Iv). 
The apparent conflict of this structure with the results of 
, 	 • 	_,• Morgan and O'heih 30 14 has been resolved 	3, and wl1 beiscusso 
in Section B. 	The carrabiose content of alkali-modified 




When it has been possible to make the comparison 
31,  the 
increase in 3,6-anhydrogalactose during alkali modification is 
found to be accompanied by the release of an approximately 
equimolar amount of free sulphate, supporting that the precursors 
are either galactose 3-sulphate or galactose 6-sulphate. When 
the unmodified polysaccharide is oxidised with periodate some of 
the precursor units may be destroyed , 12 
	This is shown on 
subsequent alkali modification, when the increase in 3,6-anhydro-
galactose is less than that for the unoxidised polysaccharide, and 
points to galactose 6-sulphate. 	Resistant units may also be 
present, and could be galactose 3-sulphate or, as is more likely, 
galactose 2 9 6-disuiphate. 	This disulphate has been shown 
12  to 
occur in A-carrageenan 10, and its presence is supported by 
infra-red studies 
12 9 32 	By the finding of 2-sulphate on about 
one-seventh of the 3 9 6-anhydrogalactose units in K-carrageenan 
from Chondrus crispus 	and by partial frajnentation to oligo- 
saccharides which show evidence for galactose 6-sulphate rather 
32 than the 3-sulphate .. 	Galactose 2-sulphate, galactose 6- 
sulphate and 3 2 6-anhydrogalactose 2-sulphate have also been 
identified chromatographically in autohydrolysates of some 
33 
K-carrageenaris and furcellaran 	. 	Finally, galactose 2,6- 
disulphate would fit into a biosynthetic scheme with qa1atose 
6-suirthate and 3,6-anhydrogalactose 2-sulphate more convincingly 
than galactose 3-sulphate 
29, 	The periodate resistant precursor 
unit is therefore taken as galactose 2,6-disulphate- 
Sixteen/... 
18. 
Sixteen polysaccharides (see Table 1) from eight genera have 
been studied by the techniques described above, and it seems 
likely that most of them will be of the carrageenan type, i.e. 
with masked repeating structures containing-L)-galactose residues. 
(Galactose, and occasionally a little xylose, were the only sugars 
detectable on acid hydrolysis followed by paper chromatography 34)• 
For two polysaccharides, Euchuma  soinosum and Eucheurna cUoiiii, 
results obtained by other workers 	have already indicated regular 
structures of this type. Two other polysaccharides are from the 
same genus - cheuma isoforine and Eucheutma unci turn - and there-
fore likely to be qualitatively similar. Although no Gioartina 
polysaccharide has previously been subjected to partial fragrnenta-
tion, structural work reported so far 12  indicates that they are 
of.the masked repeating typo, supporting that the Gjçartina 
samples in the present investigation' will be similar. 	A 
derivative of carrabiose dimethyl acetal has been isolated in 
good yield from Furcella 	 35 fastqta 	, pointing to a regular 
repeating structure in this case also. 	The mucilage from 
Giolopeltis furcata contains a high proportion of agarobioso 
units, indicating a repeating structure of the agar type 36• 
In this feature it differs from the other polysaccharides which 
are thought to contain only 1) residues. 	The analytical 	ta 
howev'r, show' that large amounts of sulphate ester must occur at 
sites other than position 6 of -galactose; ' in this respect it 
resembles the carrageenansc 	For the genera Agardhiel la s 
Gnooncgus, Ahnfeltia and Pachenia, there have been few 
reports/... 
19. 
reports in the literature of structural studies on polysaccharides. 
(An agaropectini type of molecule has been reported from Ahnfeltia 
licata 	but the optical rotation of our Ahnfeltia sample would 
suggest that all its sugar residues have the D configuration). 
They contain galactose,3,6-anihydrogalactose, and sulphate, and 
show positive optical rotations. 	It is thus reasonable to expect 
that they Will have masked repeating structures containing only 
-galactose. 	 . 
The methods for determination of carrabiose contents in 
previous work involved quantitative analysis of methanolysis 
products by paper chromatography 28 	A better method, based on 
quantitative gas-liquid. chromatography, has been devised; this 
is more convenient when large numbers of polysaccharides are 
involved, although the results must be taken with the qualifica-
tion discussed on page 30. 
20. 
B x p e r I in e n t a 1. 
Extraction and Fractionation Conditions. 
All the information was supplied by Marine Colloids Inc. 
Ffk and Ff1. 
Extraction:- 	The weed was washed in cold fresh water. The 
extractive was prepared by cooking in water at 850  for 2.5 hr. 
while maintaining the pH between 8 and 8.5. The extremely dark 
filtrate was difficult to clarify with carbon but most of the 
brown colour was removed by the .addition of calcium chloride 
followed by sodium silicate, and subsequent removal of the 
flocculent precipitate by filtraticn. 	The remaining yellow 
colour was removed when the extract was coagulated with 85% 
isopropanol, and the coagulate was dried to a fine powder. 
Fractionation:- 	The powder extract was leached with 0.3 
potassium chloride solution after which the kappa fraction was 
purified by reprecipitation in potassium chloride. Both the 
kappa and lambda fractions were finally redissolved, filtered, 
and coagulated with 85% isopropariol. They were washed free of 
salts with more isopropanol and dried to a powder. 
Gcak and Gcal. 
Extraction and Fractionation:- 	The lambda fraction was 
extracted directly from the weed with potassium chloride, 
recovered by coagulation with isopropanol, then dried and leached 
with potassium chloride to remove traces of kappa. The kappa 
fraction/... 
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fraction was then extracted from the residues with hot water, 
precipitated with 5% potassium chloride, redissolved, and 
reprecipitated at a final concentration of 0.61A potassium 
chloride before finally dissolving. 	Both fractions were 
coagulated with isopropanol, washed free of salts, and dried. 
Gchk and Gchl. 
Extraction:- 	The weed was washed with cold water and 
extracted at 90-95 0  with addition of dilute solium hydroxide to. 
maintain the pH at about 8. Coagulation of the product with 
isopropanol gave a fine powder. 
Fractionation:- 	The powder was soaked in 2.5% potassium 
chloride overnight at room temperature to leach out the lambda 
fraction, then dissolved in warm water, cooled to room tempera-
ture, and the kappa fraction was precipitated by addition of 
potassium chloride to 2.52o' concentration. 	The precipitate was 
removed on a filter and leached with hot watr; both fractions 
were recovered by coagulation in 2 volumes of 85% isopropanol 
until free of chloride and dried to a powder. 
Extraction :- 	The weed was washed for 30 minutes with running 
cold water, then drained and cooked for 2 hr. in a boiling water 
bath before shopping (:Paring, Blender) and further cooking or 
2 hr. 	The filtrate was coagulated with 85% isopropanol to give 
a powder which was ion exchanged to the potassium salt, re-
dissolved, clarified by filtration, and coagulated in 2 volumes 
Of 85% isopropanol. 	Finally it was washed repeatedly with 6 
isopropanoi/... 
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isopropanol until free of chlorides, then dried at 600  to a 
Powder. 
Fractionati on :- 	It proved impossible to separate the poly- 
saccharides into two distinct fractions, and the whole extract 
was therefore used for the investigation. 
At. 
traction:- 	The weed was washed for 10 minutes with cold tap 
water then drained and washed again for 30 minutes. After cook-
ing for 1.5-2 hr., at 90-95° at pH 8.5 9 and filtering (twice) the 
polysaccharide was coagulated in 2 volumes of 85% isopropyl 
alcohol, and exchanged to the potassium form. 	Excess chlorides 
were removed by repeated soaking in aqueous alcohol and the 
product dried and ground. No fractionation could be achieved. 
Ph and Gati. 
Extraction:- 	The weed was washed twice with cold water and 
extracted at 91-95 0  and pH 8 (adjusted with sodium hydroxide), 
and the solution filtered. The filtrate was coagulated with 
85% isopropyl alcohol, and the product dried before conversion 
to the potassium salt. Finally the product was redissolved, 
precipitated with 85% isopropanol, and dried. 
Fractionation:- 	Since all the extract was soluble in 2.556' 
potassium chloride fractionation was not attempted. 
Ec. 
Extraction:- 	The weed was washed and extracted with water at 
90-95° for 1.5 hr. The filtrate was coagulated with isopropanol 
to give a precipitate which was soaked in four changes of 25% 
potassium/. 
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potassium chloride to form the potassium salt. The product was 
washed with 65% isopropariol to remove salt and dried to a powder. 
No fractionation could be achieved. 
Es, El and Eu. 
Extraction:- 	This was the same as for Ec. 
Fractionation:- 	A small amount of polysaccharide material 
was soluble in 25% potassium chloride. 	This had a low 3,6-. 
anhydrogalactose content and constituted less than 2% of the total 
extractive; it was discarded. 
Fig. 2. 3 6-Anhydrogalactose Formation During Modification of 
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EXPERIMENT - 
To Find Qptirnum Conditions for 3,6-AithydroQalactose Formation 
during Modification of Carrageenanswith Alkaline Boroydride. 
The polysaccharides used for this experiment were 
?. -carrageenan from Chondrus crispus. 14  and t -carrageenan from 
Eucheurna sjDinosum. 
Each polysaccharide (300 mg.) was dissolved in water (75 ml.) 
together with sodium borohydride (150 mg.), and the solution was 
left to stand at room temperature for 16-24 hr., when more sodium 
borohydride (150 mg.) was added and the solution divided into four 
parts. 	The first was kept for analysis of 3 2 6-arihydrogalactose 
at zero time. 	Solid sodium hydroxide was added to the other 
solutions to concentrations respectively of 0.01N, 0.1, and lN 
before heating at 800  and removal of samples (0.10 ml.) for analysis 
by the resorcinol method from time to time. The results are shown 
in Fig. 2. 	It would seem that the optimum conditions are similar 
for each polysaccharide, namely N sodium hydroxide at 800  for 
9-10 hr. 
EXPERIMENT 2 
Increase in the 3,6-AnhyciroQalactose Content of Polysaccharides 
by Treatment with Alkaline i3oroh ride. 
The 3 9 6-anhydrogalactose content was measured before and 
after treatment of the polysaccharide with alkaline sodium boro-
hydride (Exp. 1). 	Results were expressed as fractional increases. 




Determination Mean - Polysaccharide 
(a) - (b) 
Group I 
Ffk 0.05 0.08 0.07 
Gcak 0.17 0.13 0.15 
Gchk 0.18 0.19 0.19 
Eu 0.39 0.28 0.34 
Ei 0.22 0.30 0.26 
Ad 0.19 0.16 0.18 
Ec 0.12 0.16 0.14 
Es 0.13 0.11 0.12 
Group II 
At 0.22 0.24 0.23 
0.49 0.42 0.46 
Ff1 0.66 070 0.68 
Gcal 0.86 0.91 0.89 
Gchl 0.39 0.4 0037 
Gatl 0.08 0.12 0,10 
Mi sce 11 a neous 
Gf 0.18 0.24 0.21 
Ph 0.55 0,45 0.50 
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gether with sodium borohydride (20 mg.). After 16-24 hr. at room 
temperature more sodium borohydride (20 mg.) was added and the 
solution was cooled to 00 before addition of AnalaR sodium 
hydroxide to a concentration of N . 	A sample of the solution was 
removed immediately and neutralised exactly with the calculated 
quantity of AnalaR hydrochloric acid. The remainder of the 
alkaline polysaccharide solution was heated in a water bath at 
80° for 10 hr., then cooled before removal of a sample (10 ml.) 
for neutralisation in the same way as before. Both neutral 
solutions were then analysed in triplicate by the resorcinol 
method. The whole procedure was repeated in order to test the 
reproducibility. The results are shown in Table 2, 
EXPERIMENT 3 
Increase in the,6-Anhydroqalactose Content of Periodate 
Oxidised Polysaccharides on Treatment with Alkali. 
Each polysaccharide (50 mg.) was dissolved in 0.054 aqueous 
sodium periodate (20 ml.), and kept in the dark at room temperature 
for 75 hr. 	Excess periodate was destroyed with excess ethylene 
glycol, and sodium borohydride (100 mg.) was added. 	The gel was 
diluted with water (20 ml.), and left for two days at room 
temperature, then dialysed against running tap water (five days), 
concentrated on the rotary evaporator, and freeze dried. 
The increase in 3,6-anhydrogalactose content was measured 




Determination  Polysaccharide 
CL - 	I- 
( 	\ 
oup I 
Ffk 0.02 0003 0.03 
Gcak 0.09 0.05 0.07 
G hk 0.15 0.17 0.16 
Eu 0,22 0.24 0.23 
0.22 0,25 0.24 
Ad 0,11 0,14 0.13 
Ec 0 1 10 0010 0.10 
Es 0,110 0,14 0,12 
Group II 
At 0.16 0.20 0.18 
0.20 0.29 p.25 
Ffl 0.05 0109 0.07 
Gcal 0,78 0.97 0.88 
Gcril 0,20 0.25 0.23 
Gatl 0080 0,75 0.78 
Miscellaneous 
Gf 0,13 0.19 0.16 
Ph 0.25 0.14 0.20 
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reduction, being unnecessary, was omitted. 
The results of two. . independent experiments are given in 
Table 3. 
EXPERIMENT 4 
Preparation of CarrabiosPjmethyl Aceta. 
J 	
.-4.1 
 i s ..,3 	a reference  , -- s  in 
partial rnethanolysis experiments. 	(See Exp. 5, 6, 7). 
It was isolated from commercial furcellaran (from Litex ) 20g.) 2 
using Painter's method 42  except that the methanolysis products 
were separated on a cellulose column (60 x 7 cm') using butan-l-ol-
ethanol-water (6:2:1) solvent. 	The fractions which contained the 
desired product were combined and evaporated to a syrup (3.52g.), 
then dissolved at 00  in a mixture of pyridine (70 ml.) and acetic 
anhydride (54 ml.). 	The mixture was heated at 80° for 1 hr., and 
poured into icd water. The hexaacetate was removed by filtra-
tion and dissolved in chloroform, then washed with copper sulphate 
to remove pyridine, with sodium carbonate to remove acetic acid, 
and finally with water. 	The chloroform solution was dried over 
anhydrous sodium sulphate and evaporated to dryness. The syrupy 
product was crystallised from aqueous ethanol (8 w/v.), and 
recrystallised from ethanol. 
- 	 . i.eia, 3..i.2g., m.p. 149-130 
EXPERIMENT 5 




To estimate carrabiose dimethyl acetal by g.l.c. it was first 
necessary to find suitable volatile derivatives. 	Trifluoro- 
acetates were first investigated because those of other carbo-
hydrates are very volatile indeed 43 
Carrabiose dimethyl acetal hexaacetate (20 mg.) was dissolved 
in redistilled methanol (20 ml.) containing 2 1 2-dimethoxypropane 
(1 ml.). 	A solution of sodium methoxide was prepared by adding... 
2,2-dimethoxypropane (3 ml.) to redistilled methanol (100 ml,), 
followed after 30 minutes by bright sodium (20 mg.). 	A sample of 
this solution (1 ml.) was added to the hexaacetate solution and 
left at room temperature for 16 hr. After neutralisation with 
solid carbon dioxide and evaporation to dryness, deacetylation 
was shown to be complete by proton magnetic resonance spectro-
scopy in deuterium oxide solution. The product was dried in 
vacuo, and, then treated with the trifluoroacetylating reagent 
.(5 ml.), previously prepared by dissolving se'lium trifluoro-
acetate (to 161 w/v.) in acetonitrile-trifluoroacetic anhydride 
mixture (1:1) which had been dried over a type 4A molecular sieve 
for 16 hr. 	After shaking at room temperature for 15 minutes, 
and then at 400  for 30 minutes, the solvent was removed by 
evaporation. The syrup was dissolved in acetone for gas chroma- 
tography. 	No peaks were observed at any of the temperatures, 
and with any of the columns which were tried (columns A and C 
between 30-2000 ). The proton magnetic spectrum suggested the 
loss of methyl acetal groups, as two singlets at 6.56t and 
6.62 present in the spectrum of the native compound, were 
absent/... 
28. 
absent after trifluoroacetylation, presumably by trifluoroacetic 
acid released during trifluoroacetylation. This approach was 
therefore abandoned. 
EXPERIMENT 6 
The Detection and Quantitative Estimation of Carrabiose Dimethyl 
Acetal_HexaaQetate by Gas ChromatoQraohy. 
Preliminary experiments showed that 1 microlitre of hexa--
acetylcarrabiose dimethyl acetal (2% in chloroform), when 
injected onto an SE52 column (3% on Gas Chrom P) at 225° in the 
• 	Pye Argon Chromatograph, gave a single sharp peak with a 
retention time of 10 minutes. 	About half-scale deflection was 
observed when the detector voltage was 1500 volts and the gas 
flow was 80 ml/min. 	Sucrose octaacetate was a suitable internal 
standard because its retention time was between that of the 
carrabiose derIvative and those of relevant monosaccharide 
derivatives. For quantitative work the peak areas could be 
estimated by multiplication of peak heights and the peak widths 
at half height, the latter being measured with a lens together 
With a steel rule calibrated to 0.5 mm. 	For given mixtures of 
the sucrose and carrabiose derivatives, the ratio of peak areas 
was found to be independent if te loading, 	The ratio of areas, 
when plotted against the ratio of weights, gave straight line 
graphs for a series of mixtures. Several determinations on 
+ known mixtures then confirmed the accuracy to -2-3. 
29. 
EXPERIMENT 7 
Determination of the "Carrabiose Contents" of the_Polysaccharides. 
Aqueous solutions of the polysaccharides were made up with 
an estimated 3,6-anhydride concentration between 0.1 and 0.3 mg/mi. 
Analysis by the resorcinol method, using a calibration curve for 
carrabiose dimethyl acetal (prepared by quantitative deacetylation 
of a known weight of the crystalline heaaoetate, as for Exp. 5), 
gave the "apparent carrabiose contents". 
Known volumes of each solution (containing about 5 mg. poly-
saccharide), were withdrawn and freeze.dried in triplicate, and 
the residue boiled under refiux for 30 minutes with rnethanoiic 
hydrogen chloride (0.2%9 containing 2,2-dimethoxypropane; 20 ml.), 
then neutralised with silver carbonate. The suspension con-
taming excess silver carbonate was allowed to stand at room 
temperature for at least 20 minutes to ensure complete removal of 
acid before addition of an accurately measured volume (0.25 ml.) 
of a standard solution of sucrose octaacetate (about 2% con-
centration) and, after thorough mixing, filtration and evaporation 
to dryness. 	The residue was thoroughly dried in vacuo then 
dissolved in pyridine-acetic anhydride mixture (3:3 v/v., 5 mis) 
and heated at 1000  for 1 hr., before evaporation to dryness once 
moxa. 	The mixture of sugar acetates was dissolved in diglyme 
(i ml.) for analysis by gas-liquid chromatography as described in 
Exp. 6. 
For the control experiment, known weights of hexa-Q-acetyl-




Polysaccharide % Content before 
Alkali Treatment 
% Content after  
Alkali Treatment - 
Group I 
E.th 97 95 
Gcak 83 99 
Gchk 69 97 
Eu 84 95 
El 85 86 
Ad 74 84 
• 	Bc 99 96 
Es 67 95 
Group II 
At 85 88 
75 84 
fl 79 100 
Gcal 47 65- 
Gchl 35 43 
Gati 72 100 
• 	• Miscellaneous 
Ph 92 - 
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in triplicate as described in Exp. 5, and treated in exactly the 
same way as for the freeze-dried polysaccharides. 	After 
analysis by gas-liquid chromatography it was found that 68.5% of 
the original weight of carrabiose derivative had been recovered. 
This figure was then used to adjust the amounts of carrahiose 
derivatives recovered from the polysaccharides, to give the 
C 	C 	c & e ..-- 	£ U C 
Methanolysis of Gf (which is known to contain agarobiose 
segments), followed by acetylation and gas-liquid chromatography 
gave peaks which were indistinguishable from carrabiose dimethyl-
acetal hexaacetate. The measurement of carrabiose contents by 
the method described must therefore be qualified until it is 
known definitely which enantiomorph of 3,6-anhydrogalactose each 
polysaccharide contains. 
EXPERIMENT 8 
bccurate Determination of the SgarRatigs in the Alka li  
Modified Polymers. 
Aqueous.solutions of carrabiose dirnethyl:acetal (from the 
crystalline hexaacetate by de-esterificotion, Exp. 5) and the 
polysaccharides were adjusted to approximate concentrations of 
between 0.4 and 1.6 mg/mi. Calibration curves were preped 
for the phenol-sulphuric acid determination 46  using standard 
solutions of galactose and methyl 3,6-anhydro-o-D-galactoside, 
and for the resorcinol determinations using the latter compound 





















each solution was then determined directly (resorcinol method), 
and the galactose content was determined by difference (by 
subtraction of the calculated contribution due to the known 
amount of 3 9 6-anhydrogalactose in each solution from the total 
optical density in the phenol-sulphuric acid determination, and 
reading this difference off the calibration curve). The 
determinations were standardised by adjusting all the results b y-
the amount that was necessary to bring the galactose relative to 
3 1 6-anhydrogalactose ratio found for carrabiose dimethyl acetal 
to 1.00. 	The results are given in Table 5. 	The errors in this 
experiment are discussed later. 
32. 
D I s c u s s 1 o n. 
The polysaccharides examined in this chapter will be 
separated into two groups for discussion. Those which have 
analyses, after alkali modification, of 0.95<3 9 6-anhydro- 
galactose:galactose<1.08 will be discussed first, and then 
the others, except 'for Gloippeltis fprcata and Pachymania 
himantophora, which are treatcd separately. 
33. 
GROUP I 
r% 1. 	 • I 
	with A - 	•-_ 4 1.. t•'- • I - 	r. 	.__.a• rOi1dni1Qes  PPproxJnta L&iy JIu.L1dT Ou 1OuS O 
3 2 6Anh\drOaalactOse and Galactose after Treatment with Alkali. 
The group comprises eight polysaccharides and these are from: 
Furcellaria fasticiata 	(kappa fraction) EL 
Giaartina canaliculata (kappa fraction) Gcak 
çartina chamissoi 	(kappa fraction) Gchk 
Eucheuma uncinatum 	 Eu 
Eucheuma isoforrne 	 El 
Ahnfeltia durvillae5. 	 Ad 
Eucheuma cottonil 	 Eu 
• 	 Eucheuma spinosum 	 Es 
• 	 All the above polysaccharides (except 	have analytical 
figures which show more sulphate and galactose than can be 
accommodated by the idealisedrepresentation for ?<.-carrageenan 
given in the General Introduction. 	In this discussion these 
fl extra tt units will he located and their significance concerning 
polysaccharide type examined. 
The determination of carrabiose contents (Table 4) showed 
that, in the native state, Ffk and Ec have almost all their 
3 9 6-anhydrogalactoso units present as carrabiose segments, Gcak, 
, and Ei have a large proportion, and 	Ad, and Es tween 
67 and 74%. 
When alkali modified (see Table 4), Ffk, Gcak, Gchk, Fu, Ec, 
and Es have carrabiose contents close to ioc. 	Thus, within 
experimental/... 
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experimental error, these six polysaccharides must have back-
bones which are perfectly repeating. These conclusions are 
supported by the methylation results. 
El and Ad have low carrabiose contents after alkali modifi-
cation, which could be interpreted in at least two alternative 
ways. Firstly, when in the native state, some non 6-sulphated 
galactose might replace a proportion of precursor units in the 
chains, or in contaminating chains. 	Alternatively, there might 
be a fundamental departure from alternation such as the occurrence 
of galactose as side chains. 	Non 6-sulphated 4-linked galactose 
or galactose 2-sulphate would yield, on methylation, 2 9 3 1 6-tri-- 
methylgalactose or 3,6-di-0-methylgalactose respectively. 	For 
Ad, a small amount of 2,3 9 6-tri-Q-methylgalactose was detectable 
but no 3 1 6-di-0-methylgalactose. 	Neither sugar was found for 
El, but the alkaline conditions of methylation.might cause 
elimination of sulphate with concomitant epoxide formation which 
could disguise features of 5% or less. X-ray photographs of El 
44 
confirm that the polysaccharide is of the £-carrageenan type 	31 
and, after alkali modification, support that the structure is 
less regular than Z -carrageenan from 7s and Eu because it is 
less able to form an ordered lattice. 
None of the polysaccharides under discussion have been 
examined by methods which could prove or disprove the presence 
of branching, except for furcellaran which is probably branched 
to some small extent. 	If it does occur, however, it must be of 
a type, (i) to allow complete fragmentation into carrabiose 
segments/... 	 - 
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segments when anhydrogalactosyl bonds only are split (ii), in 
Which the end groups must be sulphated to give the same methyl 
ethers as other structural units. 
Inconsistencies were sometimes found between the three sets 
of analytical figures, namely those from Marine Colloids Inc. :. 
(i the molar ratios of 30-anhydrogalactose. relative to 
galactose after alkali modification (ii), and the carrabiose 
contents (iii), for example Ad. 
Of these, the carrabiose contents (iii) are probably the 
most accurate, having an error in the region of ±4_5%, Deter-
mination of molar ratios (ii) involves the measurement. of three 
quantities, each having an error of about ±101. The figures 
from Marine Colloids (1) are of uncertain accuracy, but on 
determinations of the same type, (iii) will be taken to be more 
reliable. 	Although most of the 3 9 6-anhydrogalactose in alkali 
modified Ad and Li is believed to be in carrabiose segments 
there is evidence for a small but distinct proportion ( 5% ) 
of 4-linked galactose, possibly including some galactose 2- 
sulphate. 	For Ei the evidence is less convincing but it is 
likely that these units are present. 	The actual estimates are 
about 85/6 and 7% respectively. 
Although methylation h not proved very successful in 
recognising galactose 6-sulphate and 2 v 6-disulphate, these 
residues can be estimated by methods based on periodate oxidation 
and alkaline elimination. These residues have been shown to be 
present in most of the members of Group I s and account for some 
of/... 
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of the extra galactose and sulphate. 
The increases in 36-anhydrogalactose before and after 
periodate oxidation are listed in Tables 2 and 3 1 expressed as 
fractions of the original 3,6-anhydrogalactose. 	The fractional 
increase after periodate gives the galactose 2 1 6-disulphate 
content (q), and subtraction of this from the fractional increase 
before periodate gives the galactose 6-sulphate (p). 	These 
results are set out relative to 3,6-anhydrogalactose (ag=l) in 
Table 6. 	In most of the Group I polysaccharides the 4-linked 
units are made up of 3 1 6-•anhydrogalactose (and/or its 2-sulphate), 
galactose 6-sulphate 3, and galactose 2,6-disulphate only. 	In 
these cases the figures represent not only the proportions of 
each unit to any other, but also each unit to the whole, so that 
the,percentage of galactose 6-sulphate in a 4-linked unit, for 
example, is given by 
pxlOO 	 (a) 
ag + p  + q 
(a) is only valid, and the sum ag + p + q only represents tha 
total composition of 4-linked residues, when non 6-sulphated 
galactose residues are absent from the 4-linked units. 	This 
means that there will be a slight inaccuracy for Ad and Ei, but 
this is small and will be taken into account when the indiduaI 
polysccharides are discussed. A more general method for 
estimating these non 6-sulphated galactose residues will be given 
when the polysaccharides in Group II are discussed. 	It is 
possible/... 


















Ffk 1:0.04:0.03 0.89:0.04:0.03 1:0.89:0.74 0.06 0.09 0.65 0.94 -0.29 0,95 0.98 
Gcak 1.0.13.0.07 0,64.0.08.0,0) 1.0,64.1,20 0.13 0.17 1.03 0087 0.16 0,78 1.10 
Gchk 1:0.33:0.16 0.82:0.02:0.13 1:0,82:1.31 0,15 0.28 1.03 0.85 0.18 0.97 0.88 
Eu 1:0.19:0.23 0.45:0.08:0.10 1:0.45:1.44 0.19 0.29 1.15 0.81 0.34 0.64 1.24 
Ei 1.0.02.0.23 0.56.0.01.0.13 1.0.56:1,45 0.14 0.27 1.18 0.86 0.32 0.70 1.23 
Ad 1:0.06:0.13 0,59:0.04:0.08 1:0.59:1,25 0.12. 0.20 1.05 0.88 0.17 0.71 1.24 
Ec 1.0.04.0.10 0.85.0,04.0,08  1.0.85:1,09 0.12 0,20 0.88 0.88 0.01 0.97 0.93 
Es 1.0.00.0.12 0.85.0.00.0.01 1.0,85.1,94 0.10 0.21 1.73 0,90 0.84 0.95 0.94 
* For an explanation of the column headings, see text. 
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possible to compare the ratio ag:p:q with the analytical figures 
G:AG:SO4 supplied by Marine Coiloids Inc. 	By setting ag AG, 
p and q (now known as P and Q) can be related to C and SO 4- 
This comparison has provided supplementary information which has 
enabled adjustment and/or confirmation of the tentative poly-
saccharide structures from methylation analysis. The reasoning 
is given below, and the* ratios and data-obtained are listed in 
Table 6. 
P + Q represents galactose 6-sulphate plus galactose 2,6-
disulphate, and when subtracted from G gives a value (T), which 
represents all the galactose apart from galactose 6-sulphate and 
gálactose 2 9 6-disulphate. 	In most cases T represents only 3- 
linked galactose, but for Ad and Ei it includes 4-linked 
galactose and/or galactose 2-sulphate. 
The sum P + 2Q represents the sulphate which is on P + Q 
parts of galacose. 	A quantity of sulphate (R) is obtained by 
subtracting P + 2Q from the total sulphate (504 ). R represents 
the sulphate on 3-linked galactose (as the 4-sulphate), 4-linked 
3 1 6-anhydrogalactose (as the 2-sulphate), and 4-linked galactose 
(as the 2-sulphate). 
Subtraction of T from R gives S, a tentative measure of the 
sulphate attached to position 2 of 3,6-anhydrogalactosee 	Where 
T is shown by other evidence to represent some non-sulphated 
galactose residues S will be proportionately in error and may 
even become negative. Where there is neither 3,6-anhydro-
galactose 2-sulphate nor 4-linked galactose or its 2-sulphate, 
a!,.. 
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a negative S represents the proportion of 3-linked galactose. 
The SUffl of all the 3-linked units divided by the sum of the 
4-linked units should be 1.00, suggesting a method by which 
Marine Colloids' figures may be compared with the present results. 
FrOm the earlier discussion, T represents the sum of the 3-linked 
units in the absence of 4-linked non 6-sulphated -galactose units. 
The 4-linked units are therefore given by AG + (P ± Q), and 
should be close to 1.00 3, except for Ad and Ei when 
AG + P + Q 
the value will exceed 1.00. 	The values are listed in Table 5, 
and will be dealt with in the following discussion of the 
individual po1yaccharides. 
Furcellaria fasticiata kapea. 
A very high proportion of the residues in the native p o ly-
saccharide are in carrabiose segments and there is no non 
6-sulphated 4-linked galactose. 
The tentative structure from methylation evidence is 
supported by the results obtained here. The structure is 
similar to the idealised -carrageenan except for the high 
proportion of non-sulphated 3-linked galactose residues. 
Methylation suggested that this undersuiphation amounted to 
approximately 6 of the 3-linked units, but results here revise 
this estimate to about 3. 	For the 4-linked units only small 
amounts, if any, of galactose 6-sulphate or 2 9 6-sulphate are 
present. There is no evidence from methylation to support the 
presence of 3 1 6-anhydrogalactose 2-sulphate, and so the value 
given for non-sulphated 3-linked galactose is probably correct. 
Although/se. 
39. 
Although this polysaccharide is probably branched to some small 
extent, n evidence for this is given by the above figures. 	If 
it occurs, the branching must be of a type consistent with a 
polysaccharide composed entirely of carrabiose segments. 
The correlation factor, the significance of which was 
'discussed earlier, is 0.98 and is in good agreement with the 
value of 1.00 expected. 
Giqartina canaliculata kappa. 
In this polysaccharide the units are perfectly repeating, 
because all the residues are in carrabiose segments, after 
alkali modification, showing that non 6-sulphated galactose 
units must be absent.. Of the 4-linked units, about 11% are 
galactose 2,6-disulphate. 	From methylation about 2c%' of the 
3,6-anhydrogalactose would seem to be 2-sulphated ) and the 
present work, taking into account the value given by methylation 
for 3-linked galactose which is non sulphated, puts this figure 
at 30%. 
Polysaccharides which, resemble .-carrageenan but are 
almost completely 2-sulphated on the anhydride residues have 
been named .L -carrageenan 16, 17 	Gcak, therefore, has some 
characteristics of -carrageenan, but is very "imperfect". 
Biosynthetically, galactose 2,6-disulphate could be the precu:sor 
for 3,6-anhydrogalactose 2-sulphate; this is supported by the 
fact that little or no galactose 2,6-disulphate is found in the 
"perfect" p-carrageenan. 	(Structure II, General Introduction). 
The correlation factor is 1.10 and this is fairly close to 
the expected value of 1.00. 
40. 
Gigartina chamissol ka,pca. 
Th i s poJ ysac.ndi lue L._ - . 	structure   s imilar to 
the previous example, with no non 6-sulphated 4-linked galactose 
residues. 
Of the 4-linked residues, 13% are galactose 2 1 6-disuiphate, 
with very little galactose 6-sulphate. Methylation shows about 
the 	1-..... ..1.. 4-. 	 . 	t... 	-- o 	J,u-aflhL yuwg.c residue s O e L4 and 
the present work agrees with this figure. 	Methylation also 
shows that there are no 3- or 4-linked galactose residues to 
influence the latter estimate. 	The -L structure, discussed 
for the last example, applies in this case also. 
The correlation value is fair, being 0.38. 
Eucheuma uncthaturn. 
As for QcInk the structure is fully repeatina with no 4-
linked galactose units devoid of 6-sulphate groups. 
Of the 4-linked units about 8% are 6-suiphated and 17% are 
2,6-disuiphated. 	Methylation shows virtually all of the 
anhydrogalactose units to be 2-sulphated and also that there 
are a few 3-linked non sulphated residues which makes the 
estimate of 3 5 6-anhydrogalactose 2-sulphate content (8 ~) from 
the present work slightly in error. 	Eu has a structure which 
is much closer to ideal L-rraeenan than the last two 
although structural imperfections are still present. 
The high correlation factor (1.24) might indicate the 
presence of 4-linked non 6-sulphated galactose but this is not 
supported by methylation or carrabiose contents. The dis-
crepancy must therefore be experimental, 
41. 
Eucheuma isoforme. 
The low value for the carrabiose content of this polymer in 
the alkali modified state has been discussed earlier and 
attributed to a possible 7% of its 4-linked units being non 6-
sulphated galactose. 
Approximately 19% of the 4-linked residues are galactose 
2,6-disulphatc and only a small amount of galactose 6-sulphate 
is present. 	Methylation gives a figure of 80% for the extent 
of 2-suiphation of 3,6-anhydrogalactose residues, and shows that 
the 3-linked units are fully sulphated. 	These conclusions ara 
in fair, though not exact, agreement with the present minimum 
estimate of 57% which is depressed slightly by the 4-linked non 
6-sulphated galactose residues. 	This polysaccharide, apart 
from the 4-linked galactose and/or galactose 2-sulphate, is 
similar to gcak, but resembles A-carrageenan more closely. 
Ahnfeltia durvillaei. 
The polysaccharide has a perfectly repeating structure 
although about 10% of its 4-linked units are galactose and/or 
galactose 2-sulphate, causing a rather low carrabiose content 
after alkali modification. 
About 5% and 11% of the 4-linked units are galactose 6-
sulphate, and galactose 2 9 6-disulphat6 respectively. 	Th levI 
of2-culphation of the 3,6-arihydrogalactose units, by methyla-
tion, is approximately 3 and the present survey is in broad 
agreement with this. This polysaccharide resembles Ei but the 
evidence for the - non 6-suiphation of some of its 4-linked 
galactose/... 
42. 
galactose residues is more definite. 
The correlation factor of 1.24 is in good agreement with the 
expected figure. 
Eucheuma cottonii. 
Like Ffk this polysaccharide has a very high level of 
regularity, and, within experimental error, all its residues in 
the native state are combined in carrabiose segments. There is 
therefore no non 6-sulphated 4-linked galactose present. 
The methylation survey for this polysaccharide was carried 
17 out earlier in these laboratories 	together with measurement 
of the increase in 3,6-anhydrogalactose on alkali modification 
before and after periodate oxidation 29 	The earlier work 
suggested that all of the 3 and 4-linked units were galactose 
4-sulphate and 3,6-anhydrogalactose respectively, except for 
small amounts of galactose 6-sulphate. 	The present work 
corroborates this structure. 	A small amount of galactose 
2 5 6-disulphate is possible, but is not proved and should perhaps 
be regarded as doubtful in view of the absence of 2-sulphated 
3 1 6-anhydrogalactose indicated bOth by the methylation evidence 
and the infra-red spectrum. 	This polysaccharide is extremely 
1<-like therefore, and has no 4.. characteristics. 
The correlation factor of 093 is satisfacto:y 
Eucheumaspinosurn. 
This is a perfectly repeating polymer with all its 3,6-
anhydro residues present as carrabiose units. There is no 
evidence for 4-linked galactose or galactose 2-sulphate. 
From,"... 
43. 
From the earlier work 17, 29 the structure put forward 
11 	 • 	I___1 	 4... 1.... 	A 	-.. 	h .l-,...4 	...... 	..4,... 
	
izOvvu a.. uLLe 3-linked k -.4ip.a 	 se and  
almost all the 4-linked units to be 2-sulphated 3,6-anhydro-
galactose, except for a small amount of galactose 2p6-disulphate. 
This is entirely consistent with the present results. 	fi 
represents the most perfect known example of b -carrageenan0 
The correlation factor 0.94 is C1OSC to the expected value. 












P+Q P+ 2Q R T S 
Group II 
At 1:0.05:0.18 0.47:0.02:0,08 1:0.47:1.35 0.10 0.18 0.90 1.17 0.27 
1:022:0.24 0.49:0.11:0.12 1:0.49:1.39 0.23 0.35 0.77 1.04 0.27 
Ff1 1:0.60:0.08 +(0.32:0.19:0.03 (1.0,32:0.53 (0.25 (0.25 (0.79 (0.28 (-0.51 
- x(0.07:0.04:0.00 (1;0.07:0.53 (0,04 (0.04 (0.49 (0.49 (-0.47 
('cal 1.0.02.0.86 0.11.0.00.0,09 1.0,11.1.27 0,09 0,18 0.91 1.09 0.18 
Gchl 1.0.15.0.22 0.16.0,02.0.04 1:0,16.1.1.7 0.06 0.10 0.94 1.07 0.13 
Gati 1:0.26:0.77 0.14:0.04:0.11 1-:0.14:±,37 0.15 0.26 0.85 1.11 0.26 
Miscell- 
aneous 
Gf 1:0.06:0.15 0.52:0.03:0.08 1:0,52:0.94 0.11 0.19 0.89 0.75 -0.14 
Ph 1.0.30.0.19 0.06.0,02.0.01 1.0.06.0.77 0,03 0,04 0.97 0.73 -0.24 
* See text for an explanation of column headings. 
+ Calcu ted from the molar ratio of galactose relative to 3,6-anhydrogalactose after alkali modification. 
x Calculated from Marine Colloids' figures. 
44. 
GROUP II 
1ysaccharides with 4q1  a.. Ga lactpseian 	 -Anhydroqala ctose 
After Alkali Modification. 

















The experiments were the same as for Group I, and the 
results are set out in Tables 2, 3 1 4 and 5. 	The calculations 
involving the values of P, Q, R, T, and S are also the same, but 
the composition of the 4-linked units has required a different 
approach. 	The ratios ag:p:q, AG:P:Q and the analytical figures 
supplied by Marine Colloids mc,, together with the calculated 
parameters, are given in Table 7. 	It is not possible to apply 
the correlation factor to this group of :pôlysaccharides due to 
the large proportion of 4-linked non 6--sulphated galactose 
present in most. 
Most of Group II have low carrabiose contents after alkali 
modification, for ich the presence of 4-1inked non 6-sulphated 
galactose may be responsible. These residues also lead to low 
molar ratios of 3,6-anhydride relative to galactose. 	Two of 




modified, and this result will be examined when they are discussed 
individually. 
The composition of the 4-linked units was discussed for 
Group I. where the percentage of non 6-sulphated units is usually 
small enough to be neglected. 	The formula (a) cannot be used for 
Group II, however, and one which includes the 4-linked galactose 
and/or galactose 2-sulphate has been devised. This can be done 
in two ways. 	First, from the molar ratio 3 1 6-arihydrcgalactose 
(AG') relative to galactose (G') for thealkali-treated polymer, 
we have: 
- AG' 4-linked galactose and/or,  
2 	 galactose 2-sulphate (A). 
The percentage contribution of A to the 4-linked unit must 
therefore be: 
A x 100 
AG' + A 
Alternatively, the difference between the G and AG from analysis 
gives the proportions of 4-linked galactose including galactose, 
galactose 2-sulphate, galactose 6-sulphate, and galactose 2 t 6- 
disulphate in the native polymer. 	The proportions of galactose 
6-sulphate (P), and galactose 2,6-disulphate (Q) are known, and 
when subtracted, leave only the 4-linked non 6-sulphated c;1actose 
resd es i.e. 
G - AG - p + Q)' = 4-linked galactose and/or 
2 	 galactose 2-sulphate (B). 
The percentage contribution of B to the 4-linked unit is, 
BxlCO 




and it follows that the contribution from AG, P or Q may also be 
- 	-. .1 -4.- 1 	rL 	4. • L. .4. 	-. calculated   	 _I 	respec- 
tively,
and 
 should be the same, providing a cross-check on the 
assumption and analytical figures. 
Agardhiella tenera. 
After alkali modification, this polysaccharide has a 
content 	. 	000/ 	.. .- 	.i--. 	- - 	 ...&. .. 	.... a. ....0 w.ii.oC 	 OL uu/, oI4gs.a.Ug a ?J.gn.Li4.caLII. aiOuit U.L 
4-linked non 6-sulphated galactose. 
The methylation evidence is for an A, type of molecule in 
which most of the 3-linked units appear to be 4-suiphated, and 
virtually all the 3,6-anhydride 2-sulphated. The present work 
agrees with this, and gives the 4-linked unit a composition of 
3,6-anhydrogalactose (or its 2-sulphate) (64%) 9 galactose 2,6-
disulphate (i%) galactose and/or galactose 2-sulphate (21%), and 
only small amounts of galactose 6-sulphate. 	The value given by. 
A for the non 6-sulphated galactose (15%) ag -ees quite well 
with the carrabiose content. Although at least 6 of the 3,6-
anhydride must be 2-sulphated 2 the behaviour of the polysaccharide 
towards Smith degradation 45  p the methylation data, and the infra-
red spectrum all point to a mugh higher percentage. 	It seems, 
therefore, that this inconsistency is in the present results, and 
the polysaccharide is similar to Es. 
po'oqrus. 
The presence of between 4% (value given by B)and 8% (from A) 
- 4-linked galactose and/or galactose 2-sulphate is responsible for 
the low carrabiose content of this polysaccharide after alkali 
modification. 
47. 
The other 4-linked units are from the present study 3,6-
anhydroga1actose(3/, ) and its 2-5ulphate (36%) (in agreement 
with methylation), galactose 6.-disulphate (14%) 2 and galactose 
2,6-disulphate (16%). 
Most of the 3-linked units are, from methylation, 4-sulphated. 
Thus the polysaccharide is another example of the.. type. 
Furceliaria fastiqata lambda. 
The high carrabiose content after alkali modification and low 
molar ratio of 3 9 6-anhydrogalactose relative to galactose suggests, 
as the most likely of several possibilities, that this poly -
saccharide might have two components, one containing all the 
3,6-anhydrogalactose arranged in contiguous carrabiose segments, 
and the other with no anhydride. 	In the native state some 
anhydride units would be replaced by precursor units. 
From rnethylation the polysaccharide appears to have both non-
sulphated and sulphated 3-linked units in the approximate ratio 
3:7; the 4.-linked units include 3,6-anhydrogalactose, galactose 
('-sulphate, and galactose. 
Analysis of the native polymer suggests only small amounts of 
3,6-anhydrogalactose but this figure leads to a composition of 
4-linked units in conflict with the methylation data, and with 
analysis f-ter alkali modification. 	A revised ratio was 
calculatod for the native polymer from the figures after alkali 
modification, and found to give a 4-linked composition in good 
agreement with methylation results. The values are: 
3 9 6-anhydrogalactose (45%), galactose 6-sulphate (3,,), galactose 
(1 -it" \ / 
(17%) 9 and only a very small amount of galactose 2 9 6-disuiphate. 
The value of S, which is strongly negative, reflects the sub-
stantial amount of non-sulphated 3- and 4-linked galactose. 
Of the two possible polysaccharide components, one might 
have the 3-linked unit as galactose 4-sulphate, and perhaps some 
galactose, with the 4-linked unit composed of 3,6-anhydrogalactose 
plus galactose 6-sulphate. 	The other component would then have 
3- and 4-linked galactose and little or no sulphate. 	The 
component first mentioned resembles ,i-carrageenan, while the 
other would appear to be neutral galactan, and might represent 
the ultimate biological precursor which has been postulated for 
carrageenan 	i.e. the first product of polymerisation of galactose 
residues. 	These structures are necessarily tentative and will 
need further examination. 
Gioartina canaliculata lambda. 
The carrabiose content after alkali modification is so low 
that it cannot be used as a criterion of regularity, although it 
does not contradict the masked repeating structure. 	A large 
number of possible structures could be discussed, but there is no 
positive evidence for structural irregularities of a fundamental 
type in this family of red seaweed galactans, and it is most 
likely that the polysacchare has a regular repeating structure 
in which there are many 4-linked residues without 6-sulphate. 
The methylation survey indicates 3- and 4-linked galactose 
units both of which carry some 2-sulphate, although there may be 
some galactose 2 1 6-disuiphate and 3 1 6-anhydrogalactose 2-sulphate. 
The/... 
49. 
The present results are consistent with this picture and support 
that the 4iinked units are composed of galactose 2-sulphate (64%), 
galactose 2,6-disulphate (16%), and 3 9 6-anhydrogalactose (19%) 
which, from S, is totally 2-sulphated. The non 6-sulphated 
galactose from A represents 69% of the 4-linked units which is 
also in good agreement. 
This polysaccharide is of the) type except for the lack of 
6-sulphate groups on galactose 2-sulphate units. 
Gigartina chamissoi lambda. 
This polysaccharide has the same type of repeating structure 
as Gcal. 
Methylation analysis points to a structure in which the 
3-linked galactose units are totally 2-sulphated and the 4-linked 
units are galactose 2-sulphate (7), galactose 2,6-disulphate, 
3 1,6-anhydrogalactose, and probably its 2-sulphate. - In comparison 
the present work supports that the 4-linked units are galactose 
2"-sulphate (63%), 3,6-anhydrogalactose 2-sulphate (24%), and 
small amounts of galactose 6-sulphate and galactose 2,6-disulphate. 
The proportion of non 6-sulphated galactose residues from B agreas 
better with the methylation results than does the value froth A. 
Gigartina atropurpurea lambda. 
As for Ffl, tho high carrabiose content and low molar ratio 
after alkali modification indicate the potassium chloride-
soluble fraction from Gat! to be composed of at least two poly-
saccharides with alternating structures. 
The methylation evidence shows that galactose 2-sulphate is 
a/... 
50. 
a major component of the - 4-linked units although 3 9 6-anhydro-
galactose and galactose 2,6-disu1phate are also present and that 
the 3-linked units are virtually all galactose 2-sulphate. 	The 
present results are in agreement with this except that the 24% of 
4-linked 3 9 6-anhydroga1actose would seem to be 2-sulphatd. 	The 
other 4-linked units are galactose 2-sulphated (49%), galactose 
6-sulphate (6%), and galactose 2 1,6-dlsulphate (19%). 
One-of the polysaccharide components would therefore appear 
to he a polymer of galactose 2-sulphate residues only, with the 
linkages alternately 1,3 and 1,4. 	The 4-linked residues of the 
others are 3 9 6-anhydrógalactose (or its 2-sulphate), galactose 
6-sulphate, and galactose 2 9 6-disuiphate; the 3-linked units 
consist of galactose 2-sulphate in which the traces of galactose 
4-sulphate presumably come from 
51. 
MISCELLANEOUS POLYSACCHARIDES. 
The two polysaccharides in this group are: 
Gloiooeltis furcata 
Pachymenia himantophora Ph 
The carrabiose content of Ph was measured before alkali modifica-
tion; for Gf it was measured neither before, or after. 	Molar 
ratios were not determined. The other experiments were the 
same as for the previous examples, and their respective para-
meters are listed in Table 6. 
Gloiopeltis furcata. 
/ . 	
As mentioned in the introduction to the chapter, this poly- 
saccharide has 4-linked residues with the L configuration since 
agarobiose dirnethyl acetal has been isolated in high yield after 
partial fragmentation 	
. 	
It would thus be meaningless to use 
carrabiose dirnethyl acetal as a model for the polysaccharide and, 
as yet, the 'taarobiose content" has not been measured.. Until 
this is done, and the molar ratio of 3,6-anhydro-L.-galactose 
relative to galactose is measured after alkali treatment, the 
polymer will be taken as one in which -galactose and 3,6-
anhydro-L-galactose are arranged -1 1 4, and D-galactose is 
arranged OL-1,3, in an alternating series. 
Methylation analysis p.nts t' a structure in which the 
4-linked units are mostly 3,6-anhydride, together with smaller 
amounts of galactose sulphates; the 3-1inked units are mostly 
galactose 6-sulphate and there is a little galactose. 	The 








units are composed of 3,6-anhydrogalactose (7), galactose 
2,6-disuiphate (10%), galactose and/or galactose 2-sulphate (17%), 
and only small amounts of galactose 6-sulphate. 	The negative S 
indicates the presence of non-sulphated 3- and 4-linked galactose 
residues. 
Pachyrnenia himantoohora. 
Analysis showed that this polysaccharide has only about 
of its 4-linked residues present as 3,6-anhydrogalactose, the 
rest being non-sulphated galactose. 	The 3-linked units contain 
roughly equal proportions of 2- and 4-sulphated gaiactdse plus a 
little non-sulphated galactose. 	Although the possibility of an 
32.. 
excess of 3-linked over 4-linked units was discussed the present 
work gives no evidence for this. 	Galactose represents about 85% 
of the 4-linked units, w.th a further-10% as 3,6-anhydrogalactose, 
and only very small amounts of galactose 6-sulphate and galactose 
2 9 6-disulphate, 	The value of S. which is nLgative presumably 
reflects the 4-linked galactose. 
The carrabiose content of this polysaccharide was measured 
before alkali modificatirn only and showed that, in the native 
state, 92% of its small number of 3 1 6-anhydrogalactose units are 





In conclusion, the experimental procedures described in 
this chapter were designed for the characterisation of poly-
saccharide structures on a "production line" basis. 	The con- 
clusions therefore rest upon certain assumptions, but could be 
reached relatively quickly to give an overall picture without 
becoming too involved -in points of fine detail. 	The work has 
indicated which seaweeds give polysaccharides which are inter-
esting enough to merit a more thorough investigation. 
The results are consistent with the basic family relation-
ship which these polysaccharides were thought to possess, although 
Ph is a possible exception. 	The structures show to what extent 
this regular pattern can be altered by the overlaid substitution 
which occurs. 	Biosynthetically, two of the polysaccharides - 
Gatl and Efi - would seem to be particularly interesting. 	In 
Ff1 it is entirely non-sulphated, and this polysaccharide might 
represent the result of the original biosynthetic step, i.e. 
the polysaccharide backbone before any modification by sulphate 
substitution has been made . 	In Gatl the polymer is entirely 
2-sulphated, and this again may have some biological significance. 
The fact, that it is 2-sulphate only could indicate a sequential 
procs for the substitution and other processes might fo]iow in 
turn. 
Chemically, Ec is very close to being a pure <-carrageenan, 
while Es is a good example of /_ -carrageenan. 	All the other 
polysaccharides with high molar ratios of 3,6-anhydrogalactose 
reh-.tive/... 
54, 
relative to galactose after alkali modification have between 2/6 
and 9 of their 3,6-anhydrogalactose 2-sulphated, and therefore 
lie between the two extremes These are Gcak, Gchk, Ld, 
At, and Eu, increasing in that order. 	Adv 	, At, and Gy have 
varying amounts of non 6-sulphated 4-linked galactose urits. 
Ffk is like '-carrageenan but differs in that it possesses sub- 
SLantial c -U OU flLb of -i1fl Cu galactose wi 	sulphate. 
Of the polysaccharides with lower molar ratios of G:AG after 
alkali modification Gcal and Gchl resemble -carrageenan except 
for the 4-linked galactose 2-sulphate which is non 6-sulphated. 
Components are present in Ffl and Gati which resmb1e 
VL -carrageenan and plus ).. respectively. 	Ph has a structure 
which departs from the X-p. pattern in having large amounts of 
4-linked galactose which is non-sulphated. 
Qj is a polysaccharide which is basically of the agar 
family, but resembles the carragoonans in th-jt the 3-linked units 




The Acetoj.yi s of),-Carrageenan. 
Introduction 
Carrageenan has long been k.own to be separable into two 
factions (see General Introduction). 	The first exter.sive 
investigation of the potassium chloride-soluble fraction was 
carried out by Morgan and 0 i'J 	
30eill 	who hoped to obtain 
definitive evidence for the fundamental structural units. 
Before this the only information was from analysis and periodate 
studies 	together with data from methylation of the unfraction- 
48-51 
ated mucilage 	. 	The polysaccharide was believed to 
contain Q-galactose residues linked through positions 1 and 3 9 
and substituted with sulphate half ester groups on position 4. 
Morgan & O'Neill separated the acetolysis products on a charcoal-
celite column to give four fractions. 	The first was character- 
ised by its crystalline acetate as galactose, and chromatograms 
showed a trace of xylose. 	The second failed to crystallise, but 
gave a crystalline acetate and a rystal1ine phenylozazône. 
The sugar had a molecular weight, determined by hypoiodite 
oxidation 52  of 330 and its high optical rotation (+155 0 water) 
indicated that it was oi-linked, and distinguished it from 
3-0- 	-D-.a1actopyranosyl--ga1actose. 	It was characterised 
as,'. 0 
56. 
as 3-0- a -D-ga1actopyranosy1--ga lactose by the isolation of 
crystalline 2,4,6-tri-Q-methyi-Q-gaiactose and the crystalline 
anilide of 2 1,3 1,4 9 6-tetra-0-methyl--ga1actose after methylation. 
Periodate oxidation data were also given but do not support this 
structure. 	The third fraction formed crystals (m.p. 237-239° , 
1460 (2 0.5, water) and its molecular weight determined 
in the same way was 490. 	Hydrolysis yielded galactose and a 
disaccharide indistinguishable chromatographically from 3-0- - 
D-galactopyranosyl-D-galactose. The crystalline acetate was 
formed with m.p. 275-277 ° , []+ 106° (C 0.05, water). 
Methylation was not carried out and the sugar was tentatively 
identified as 	-- gal actopyranosyl-(1---3)-Q-D-ga1acto- 
-1,3-galactotriose"). 	Here 
also (as for the disaccharide) the uptake of periodate was 
greater than would be expected for the structure proposed. 
Fraction 4 was not examined in detail, but a small amount of 
contaminating trisaccharide was present 	Hydrolysis, followed 
'y paper chromatography, showed that galactose, one disaccharide, 
and one trisacoharide were present in the hydrolysate. 
Morgan & O'Neill suggested that the di-, tn- and tetra-
saccharides from fractions 2 9 3 and 4 were members of a homolo-
gou=_ Scrics composed of uniformly 	-(l-3)-1inkod-o-ga1actc- 
pvranosyl residues. 	The substanti.i yield of these oliao- 
saccharides, and the failure to detect any other di- and tn-
saccharides, were held to show that other linkages were present 
in small amounts only. 	The periodate uptake and formic acid 
relcase/c.. 
57. 
release from the polysaccharide were thought to correspond to the 
presence for every 20 -galactose residues of one residue linked 
in a way other than -(l-3). 
Since Morgan a O'Neill, evidence has accumulated that 4-
linked residues are present in )-carrageenans and that the 
polysaccharide structure has an alternating arrangement of 
. -1,3 and 	-1,4 linkages (see preceding section). 	In a 
preliminary attempt to resolve this serious discrepancy, the 
53 
acetolysis experiment was repeated 	and the M -1 9 3 disaccharide 
confirmed as the major product. 	Small amounts of -1 9 4 galacto- 
biose were also obtained, supporting that this linkage is much 
more labile to acetolysis, accounting for its absence from 
Morgan & O'Neill's products. 	These conclusions were based only 
on chromatographic analysis however, and the problem of the 
anomalous tn- and tetrasacchanide remained. A thorough 
re-investigation is now described in this Section. 
According to our view of the structure (see preceding 
section), acetolysis should lead to a series of oligosacchanides 
in which o-1,3 and 	-1,4. linkages alternate. 	There should 
be two oligomers of each degree of polymerisation, and difficult 
problems of separation and characterisation are therefore to be 
expected. 	A preliminary searation of the oligosacchanides by 
thick paper chromathgraphy produced four fractions, two of which 
54 
were shown by electrophoresisin borate buffer at pH 10 , to 
be mixed. 	For a full characterisation of all the ciicmers up 
to a degree of polymerisation of 4, a combination of technicues 
(vdS/ . . 0 
58. 
was used, namely zone electrophorosis, paper and column chromato-
graphy often in the presence of borate ions. 	It is well known 
that neutral carbohydrates form negatively charged complexes with 
borate and these migrate towards the anode on electrophoresis 54 
The electrophoretic mobilitj of the complexes and their mobility 
relative to that of other complexed carbohydrates are dependent 
on pH. The maximum mobilities of carbohydrates are often in the 
pH region 9-10 and so a buffer within this range is usually 
55 chosen 	. 	It has been shown that disaccharides of c-glucose 
with (l-4)-linkages have a much lower electrophoretic mobility 
-in borate than those with (13)-linkages.. 	In addition, 
certain pairs of disaccharides with linkages at similar positions 
(hut of different configurations) have appreciably different 
56 mobilities 	• 	For higher saccnarlQes the point or attachment 
OIL the "remainder" of the molecule to the reducing sugar is the 
most important factor governing their relative mobilities 56, 
Since electrophoresis on a preparative scale would have been a 
tedious process a large-scale separation using a charcoal-celite 
column was attempted, eluting it with aqueous ethanol in the 
57 presence of borate as described by Barker et , al 	Because 
oligosaccharides may be ionic when complexed with borate, the 
more strongly compiexed of pair of olicorners is released more  
rapidly. The method proved unsuccessful however, probably due 
to alkaline degradation at the high pH used. 	A partial 
separation was achieved in the absence of borate, and it was 
possible to characterise the isomeric disccharidos. 	The tri 
saccharide/... 
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saccharide fraction was still unresolved however, and in Exp. 
11(0) the development of a new chromatography solvent is 
described 	This so-'vent , whjcn incorporates boric acid s 
separated each pair of oligomers on paper chromatograms, and 
the tri.saccharides on a cellulose column. 
This new chromatography solvent also proved useful when a 
method was developed to characterise the sequence of linkages in 
the oligomers. 	Reducing oligosaccharides are often degraded by 
mild alkali in the absence of oxygen by a "peeling mechanism" 
In which sugar units are progressively eliminated from the 
reducing end of the chain with the formation of sacc•harinic 
acids 	. 	Elimination of a 3-linked reducing end unit occurs 
more rapidly than a 4-linked reducing unit because the leaving 
group of the former is 	to the carbonyl, i.e. 
ketonisation, then 
benzilic acid re-
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2 2 + 2 	 further deoradation 
Chain-OH 	> 	(i.e. oligosaccharide 
with chain bhortened 
by 1 unit). 
It was therefore expected that the oligosaccharides from the 
acetolysis would each degrade according to the following scheme 
(saccharinic acid products are not listed). 
(a) Disaccharides. 
( 	 1) 	Gal (i-3) Fast>G1t S Gal - 
( 
ii) 	Gal (l- 4) 
- a-10 w Gal 	 ->Galactose 
(b) Trisaccharides. 
Si ow 
Gal (l (1---+4)3) Gal (l ~  Gal 	Gal (l-.3) Gal 
_____  
Galactose 
Gal (l-+4) Gal (l- 	
Fast 






1) Gal (l- 3) Gal (1-4) Gal (l3)>Gal (l- 3) 
Gal (l-*4) Gal 
Then as (b)(i) 
( 
ii) Gal (l-4) Gal (1.-3) Gal (l-4) Gal 
Gal 
Then as  
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It was then possible to identify the tn- and tetra-
saccharides from their degradation products after the structure 
of the two disaccharides had been firmly characterised. 
By the methods described above, together with methylation 
analysis and other established techniques the oligosaccharides 
have been fully characterised, and some of the conslusions drawn 
by Morgan & O'Neill 
30 
 have been revised. 	It has further been 
demonstrated that acetolysis and aqueous acid hydrolysis have 
reverse specificities towards X -carrageenan. 
62. 
E x p e r I m e n t a 1. 
EXPERIMENT 9 
Acetolysjs of the Potassium Chloride-soluble Fraction of 
Carraneenan 
The sample of N -polysáccharide used in this experiment was 
cornrab1e with the sample used by Morgan & O'Neill. 	It was 
prepared by Marine Colloi:s Inc. from flhondrus crispus and had a 
	
/ 	molar ratio of G:AG;SO4 of 1:0.08:0.62. 	(Their sample had 
1 1:0.03:0.66). 
The polysaccharide (45 g.) was dried in vacuo for 24 hr. 
then added over 30 minutes with stirring to a mixture of acetic 
anhydride (250 ml.), acetic acid (180 ml.), and concentrated 
sulphuric acid (25 ml.). 	After shaking for 96 hr. at .20 ° the 
solution was clarified on the centrifuge and mixed with ice-cold 
water (2.5 i.). 	Sodium bicarbonate was added until the 
suspension was neutral to congo red test paper. 	After filtration 
the solution was extracted with chloroform (3 x 500 ml.) and the 
precipitate was added to the combined chloroform extracts. The 
chloroform solution was filtered and dried over sodium sulphate, 
then evaporated to dryness to give the mixture of acetylated 
oligosaccharides (354 g.), 
Deacetylation was by dissolving In a mixture of methanol 
(350 ml.) and 2 1 2-dirathoxypropane (20 ml.) followed by addition 
of predissolved sodium(0.6 gt) in dry methanol (120 ml.) and 
- stirririci zor 20 rir. at 
c:ecipit.:td/... 
I ater was added to dissolve the 
63. 
precipitated oliaosaccharides, and the solution was passed down 
a column of resin Amber! 	1R120 H+  form), filtered, and 
concentrated to dryness (20 g.). 	There was negligible carbonyl 
absorption in the infra-red spectrum, and deacetylation was 
therefore complete. 	Paper chromatography (solvent A, Spray 1) 
showed spots with the followingRGa1 values1.00 (galactose), 
0.68 (presumably disaccharide), 045 (presumably trisaccharide), 
0.31 (presumably tetrasaccharide), 0.25 (presumably pentasaccharide), 
0.19 (presumably hexasaccharide). 
EXPERIMENT 10 
Preliminary Separation of the Acetolysis Products and their 
rtial Characterisation. 
(a) Separation by paper chromatoara2. 
The mixture (36 x 0.15 g.) was applied as a band to each or-
36 sheets of ivhatman 31MM. paper. The chromatograms were 
irrigated for 36 hr. with-solvent A. 	After drying, the zones 
were located by spraying guide strips (Spray 1) and the separated 
sugars were eluted with water and isolated by cvaporaton to 
dryness. 	The yields were as follows: 
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(b) Partial characterisation of the products from separation Cal. 
Fract ion A. 	This was shown by paper chromatography 
(Solvent A, spray 1) to contain galactose with a trace of xylose. 
Fraction B. 	The amorphous powder £aJ+ 1300 (c 0.15 1, 
water) had RG1 0.62 (Solvent A s spray 1) and the degree of 
polymerisation 69 was found to be 1.9 corresponding to a 
disaccharide. 	Methylation with dirnethyl sulphate and barium 
hydroxide in dimethylformamide-dimethylSulphoXide 70 followed by 
hydrolysis and paper chromatography (Solvent B, spray 1) showed 
pink spots corresponding to 2,3,4,6-tetra-0-rnethylgalactose and 
2,4,6-tri--met:y1galaCt05e together with smaller amounts of 
2,3 1 6-tri0methylga1actOse. 	A black spot, close to tetra- 
rnethylgalactose was thought to be 2,5,6-tri-0-methylgalacto-
furanose which had arisen from reducing galactofuranosu residues 
linked through position 3; this spot was also observed for 
Fractions C and D. 	Zone electrophoresis in sodium tetraborate 
buffer (pH 10, 0.1M.) at 10 v/cm. (70 mA.) for 1.5 hr. showed 
cwo spots, (a) MG  0c70 (strong), (b) MG 0,52 (weak). 
All this evidence suggested that fraction B contained 
3-0-galactopyrariosyl galactose and 4--galactopyranosy1 
galactose, but pending the large scale separation no further 
conclusions were possible. 
The amorphous powder had r  cil ± 135° 
water) and RGal 0.44-(Solvent A. spray 1). The degree 
of polymerisation (found as before) was 2.8, corresponding to a 
trisaccharidc. Uicthylation and hydrolysis (all procedures were 
the/'.. 
65. 
the same as for the disaccharide fraction) showed 2 1 3 1 4 1 6-tetra-
0-methyigalactose, 2,3 9 6-tri-methy1galactose 2 and 2 1 4 9 6-tn-0-
rnthylga1actose. 	Electrophoresis (conditions as above, but 
separation time 3.5 hr.) showed two spots (a) M 0.52 1, (b) MG 
0.17 of the same intensity. 
It was thought most pr9bable that this fraction was a 
mixture of Gal (l__4) Gal (l-3) Gal and Gal (1-3) Gal (1_-4) 
Gal, but there was no proof of the absence of Gal (1-3) Gal 
(I-3) Gal. As for Fraction B no further conclusions were 
possible at this stage. 
Fraction D. 	The amorphous powder had [d.J+ 155 0 (C 01, 
water) and RGal  0.31 (Solvent A, spray 1). 	The degree of poly- 
merisation (found as before) was 3.6 corresponding to a tctra- 
sacchanide. 	There was one spot (MG  0.27) on zone electro- 
phoresis (conditions as above). Methylation, hydrolysis, and 
paper chromatography (methods and conditions as before) showed 
2,3,6-. and 2,4,6-tni-0-methylgalactose, together with 2,3,4,6-
tetra--;nethy1ga lactose. 
It was thought most likely (for reasons given later) that 
this fraction contained only one component, Gal (1-3) Gal 
(1-4) Gal (l-3) Gal. As for the other fractions no further 
conclusions were possible at this stage. 
EXPERIMENT Ii 
Larcie Scale Seoaration of the Acetolysis Product,Deve1oomentof 
a New Chroatorahv Systerad Corpiete Characterisationof the 
01100 saccharides. 
66. 
(a) Larre scale separation. 
(L ) 
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A charcoal-celite column (3 parts of May & Baker's 
"Charcoal for De-colourising" to 2 parts of celite 
57;  total 
bed volume 2.751.) was washed with borate buffer (pH 10; 
containing 4 g.sodium hydroxide and 7.45 g. boric acid per 1.; 
total volume S i.) before loading the deacetylated mixture (10 g.). 
Gradient elution was with 0-25% ethanol in borate buffer (p1-I 10) 
over 50 1. 	Fractions (50 ml.) were collected automatically in 
test tubes which contained the calculated quantity of dilute 
hydrochloric acd to neutralise the alkalinity of the effluent. 
Fractions were analysed for carbohydrate with the phenol- 
sulphuric acid reagents, and those which corresponded to the 
individual peaks were combined and concentrated, then each was 
passed through 1R120 (H+) resin to remove sodium ions, then 
1R45 resin to remove chloride ions. 	Finally each solution was 
evaporated to dryness and methanol was distilled four times from 
the residue to remove the boric acid as volatile rnethylborate. 
Higher oliosacchaides were stripped from the coluriin with 
10% aqueous ethyl methyl ketone. 	The yields were as follows: 
.Fraction* C000sitiono.  eluting Weioht 
Solution  
A 2 	ethanol in borate 303 
B 5% ethanol in borate 200 
C - 17% ethanol in borate 150 
D 25% ethanol in borate 530 
E 1 	ethyl methyl ketone 3222 
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(ii) Charcoal colmn_cJrmatograhy without borate. 
A charcoal-ce lit e column, similar to that used in (1), 
was washed.with water overnight. After loading the oligo-
saccharides (11 g.), the column was eluted with a linear gradient 
from 0-25% ethanol. 	Fractions (So ml.) were collected and 
analysed as before, then combined as appropriate and evaporated 
to dryness. 	The elution diagram is shown in Figure 3. 	Each 
peak is expected to contain a mixture of isomeric oligo-
saccharides; in order to take advantage of any partial separation 
within each peak, each peak was sub-divided. 	The yields were as 
follows: 
Fraction* 	Yield 
A 	 1692 
BI 603 
Bli 	 883 
BIll 313 
CI 	 799 	
Total yield was 92 g. 
CII 296 	
from 11 g. of mixture. 
DI 	 443 
DII 961 
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lfl the thick paper sepaat1on0 
The products from separation (i) were very impure; they 
were dark in colour and seemed to have a low carbohydrate content 
as judged by the intensity of the 2-anisidinepositive spots on 
paper,'... 
ME 
paper chromatograms. 	Alkaline degradation of the oiigosaccharides 
during separation on the column probably accounted for the low 
yield. The products from separation (ii) appeared to be more 
satisfactory, and they were examined in detail. 
(b) The development of a new solvent system for separation of 
the oliaosaccharide isomers by paper chromatoarphy. 
It has previously been shown in this laboratory that paper 
chromatography in solvents which contain boric acid may achieve 
separations which are otherwise possible only by borate electro-
phoresis; an example is the separation of rnannose from gulose 59 
The solvent methyl ethyl ketone-acetic acid - water (9:1:1) 
saturated with boric acid did not separate the carrageenan 
disaccharides and the spots moved very slowly indeed. When the 
water content was increased so that the new solvent composition 
was 9:1:2 saturated with boric acid, a good separation of the 
disaccharides could be obtained by double development (2 x 24 hr. 
on Whatman No. 4 paper). 	However, RGa1  values could also be 
obtained for a single development and are: 
aL - 1 23 galactobiose •"•"• 
- 1,4 galactohiose .......••• R Gal  0.39 
The disaccharides were not well separated when the water con-
centration was increased furthe to 9:1:3. but with both of the 
solvents 9:1:2 and 9:1:3 there was a good separation of. the two 
isomeric trisaccharidcs on paper. 	This scivent system has also 
been adapted for the preparative scale with a cellulose column 
(Exp. 11, (c)(iv)). 
69. 
As discussed in the Introduction to the Section, it has also 
	
helped 	.1.l.._. characterisation - 	the iieipeu (II 	 .w. 	LiCH Oi fl	. .i - flu ..e 
(c) Complete characterisaton of the o1iooscchrides. 
( 1) Fraction A. 	This was shown by paper chromatography 
to contain galatose with a trace of xylose (Solvent 
A s spray i). 
( ii) FractionsBl and BlI. 	Each gave a single spot 
RGa1 0.62 on paper chromatography (Solvent A T spray 
11. 	Zone electrophoresis (as for the thick paper 
separation) showed a single spot MG  0.67. Paper 
chromatography with the solvent system 9:1:2 (above, 
spray 1) showed one spot RGal  0.46. 	Both BI and 
311 were considered chromatographically and 
electrophoretically pure, and were therefore 
combined. 
The syrup (1.48 g.) had 
[] 
+ 1600 (2 1.55 9 water). 
It could not be induced to crystallise, but Hamilton's procedure 
60 
yielded the ozazone. 	After c.cystallisation from ethanol, the 
yellow product had m.p.' 234-26 ° . 	(Kofler hot stage) and gave 
no depression when mixed with authentic 3.0. cx -D-galactopyranosyl-
galactosazone kindly supplied by Professor !.T.J. Morgan 61 
A sample (20 mg.) was 	ssol'ed in a mixture of dimnethyi- 
forrnamide (0.5 ml.) and dimethylsulphoxide (0.5 ml.) and nethy1atd 
with dirnethyl sulphate and barium hydroxide octahydrate. 
Hydrolysis with 45% aqueous formic acid at 100
0  for 16 hr. 
followed by paper chromatography (Solvent B spray 1) showed 
21_124,6-/Czz  
70. 
2 1,3,4 9 6-tetra-Q-rnethyigalactose and 2,4,6-tri-0-rnethylgalactose 
only. 	Methanolysis followed by neutralisation with silver 
carbonate and analysis by g.iec. showed (Column A) T= 1.72 7 3.10, 
and 4.06 9 and (Column B) T = 1.72 1 3.10, and 3.35. 	The frst 
peak corresponds in each instance to methyl 2,3,4,6-tetra--
methylgalactosides; the other two correspond to methyl 2,4 1 6-tn-
0.methylgalactosides. 
BI + Bil are thus characterised as 3-0- ct -Q-galactopyranosyl-
-galactose. 
(iii) Fraction Bill. 	The syrup (0.31 g.) gave a single 
spot HG1  0.62 on paper chromatography (Solvent A, spray 1). 
Zone electrophoresis (as for thick paper) showed two spots MG 
0.56 (Strong), MG  0.67 (Weak). 	Paper chromatography with the 
boric acid system 9:1:2 (above, spray 1) showed two spots RGa1 
0.39 (Strong), R 1 0.46 (Weak)'. 	It was considered that Bill 
was a single oligosaccharide but slightly contaminated with the 
material from Fraction BI plus Bil. 
A solution of Bill in 8)' ethanol was allowed to evaporate 
slowly for a week after which time small round nodules appeared 
on the sides of the flask. The liquid was removed by decantation 
and the nodules were collected and recrystallised from 80% ethanol; 
m.p. (Kofler hot stage) 195-197 0 5 undepressed when mixed 't-.':th 
authetic 4-Q- --galactopyranosyl--galactose kindly supplied 
62. 
by Professor G.-O. Aspinail 	. 	Further recrysta1lisaton raised 
the m.p. to 200-2020 (for summary of lit, values see Hay and 
Gray 63), fa. ± 620 (C 2.3, water). 	Methylation followed by 
-S 
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paper chromatography as above showed 2 9 3,4,6-tetra-0-rnethylgalactose 
and 23,6-tri-0-methylgalactOSe only. 	Methanolysis as above 
followed by analysis by g.i.c. showed (Column A) T = 1.72  
0-methylgalactosides), 2.85, 3.54 9 3,75, and 4.12 (2,3,6-tri-Q-
methylgalactosides) and (Column B) 1.72 (tetra-Q-rnethy1gactosides) 
2.55, and 3.46 (2,3,6-tri-0-methyigalactosides). 
Fraction Bli is thus characterised as 4-2 
( iv) Fractions CI and CII. 	Paper chromatography 
(Solvent A, spray 1) showed a single spot in each with R8, 0.43. 
Zone electrophoresis (conditions as above) showed two spots for 
with G 
 050, MG  0.20 (both of the same intensity); there 
was one spot for CII with MG  0.20. 	Paper chromatography with 
the 9:1:2 boric acid system showed for CI, two spots, and for 
one spot, which corresponded to the slow-moving spot in CI. 
RGal values were not possible because of the long development 
times employed (2 x 40 hr.). 	It was therefore concluded that 
while CII contained a fairly pure trisaccharide CI was a mixture. 
A small amount of CII was induced to crystallise from 8 aueous 




In z:dcr tc f,­+ 1­-char.ctorie th crytls from 	3 
the c.rnponents of CI, the method discussed in the Introduction to 
the Section based on alkaline, degradation was used as follows. 
Oligosaccharide (5 mg..) was dissolved in saturated calcium 
hydroxide solution (0.5 ml.) and left in an atsnos here of 
nitrogen/... 
72. 
nitrogen. 	After 24 hr. 1 0,120 resin (H+  form) was added to stop 
the reaction and remove calcium ions, and the solution was 
spotted directly for paper chromatography in the 9:12 boric acid 
solvent system already described. 	A control experiment showed 
that 4-0- P -D-galactopyranosyl--galactOse survived this 
treatment, at least in large part, whereas 3-0- m --galacto-
pyranosyl--galactose was almost completely degraded. When the 
mixture of trisaccharides, CI, was subjected to this treatment, 
the faster moving was found to have disappeared with the formation 
of substantial amounts of 4-0- P --galactopyranosyl--galactose; 
it is therefore tentatively assigned the structure 0-
galactopyranbsyl(l1)-.2- cF, --galactopyranosyl-(l43)- 
galactose 	The slower moving component on the paper chromato- 
gram was much more stable to the alkaline conditions. 	Examina- 
tion of the pure material obtained from CII confirmed the 
stability to alkali and showed that the only disaccharide 
product of its eventual degradation was 3-0- m -p-galactopyranosyl-
D-galactose in trace amounts as expected.. 	It is therefore 
tentatively assigned the structure Q- -D-galactopyranosyl- 
(1 .-3)-2- 	_ga ia ctopyranosyi(l_4)_galaCt05e. The 
fraction CI was then combined with the remaining syrup from CII 
and the two trisaccharides were separated in order to cha• .cter-
ise tiem fui'ther, 
SeparaUlon and - final characteTisatdonthe fri 	 Iciese 
The combined trisaccharide fractions (Ci and CII, combined 
weight 0.3 15 ge) were applied as a syrup to a cellulose column 
(60 cm./'_.. 
- 	 73. 
(60 cm. x 4 cm. diarn.) which was eluted with ethyl methyl ketone-
ethanol-water, (9:1:1) saturated with boric acid at approximately 
1 MI/minute. 	Every fifth tube was evaporated to dryness 
followed by two further evaporations with methanol to remove 
boric acid, and the residue was dissolved in water (2 ml.), and a 
sample (1 ml.) was removed for analysis by the phenol-sulphuric 
acid method. 	No carbohydrate had emerged after 7 days and the 
solvent was therefore changed to the new proportions 9:1:2. 	All 
the carbohydrate subsequently emerged in a total effluent volume 
of 6 litres, which was combined into six larger fractions 
(40 tubes = 11.) for evaporation to dryness,femoval of the boric 
acid by distillation with methanol, and comparison by paper 
chromatography using the 9:1:2 solvent. 	The following results 
were obtained: 
Fraction 1. 	This syrup (less than 5 mg.) was shown to contain 
only disaccharides. 
Fractions _2 and. 	The two fractions were each shown by paper 
chromatography to contain only the coniponent which had been 
tentatively identified as 0--ga1actopyranosyl-(l--4)-Q- --
-gaiactopyrariosyl-(1---3)--ga1actose. 	They were therefore 
combined (0.22 g.), 	c&] + 1560 (g 1.59 9 water). 	tile thy la -IC ion 
	
. 	 ., 	64. 
w.tn sliver oxide and rne -cnyi iodide in ciimetlIylrormamlcte 
(twice), followed by methanolysis and g.i.-c., showed 2,3,4,6-
tetra-0-methylgalactose 3 2 1 3,&-tri-Q-methylgalactose, and 
2 1 4 9 6-tri--methylga1actose or their glycosides respectively. 
There were no other products. 	(Column A: 	T = 1.72 (tetra-O- 
rnethyigalactosides/... 
74 e 
rncthylgalactcsidez), 2.86 2 3.54, (3.75), (4.12) (2 1,3,6-tri-0-
inethylgalactosides), (3.75) 5  (4.12) 
sides). 	Column B: 	T 	1.72 (tetra-0-methylgalactosides), 
2.55 1 (3.40) (2,3,6-tri-0-methylgalactosides), 3.10, (3.40) 
(2,4,6tri-Q-methy1galactosides) . 	A further sample (20 mg.) 
was reduced with sodium borohydride (20 mg.) in water (1 ml.) 
for 24 hr. and then treated with Amberlite resin (1R120, H form). 
The solution was evaporated to dryness and methanol was distilled 
several times from the residue which was then methylated and 
examined as before. 	Qualitatively, 2,3,4,6-tetra-0-methyl 
galactose, 2,3,6-'tri-0-methylgalactose, and a. penta-Q-methyl-
glactitol (T = 2.55) were detected by g.l.c. using Column A. 
Attempts to prepare the crystalline acetate, benzoate, and 
phenylogazone were unsuccessful. 
This trisaccharide was firmly characterised therefore as 
0-. 	-D-ga1actopyranosyl-(1-->4)-Q- oc -Q-ga1actopyranosyi- 
(1—*3)-D-galactose. 
Ection.. 	The syrup (0.17 g.) was shown by paper chromato- 
graphy to contain a mixture of trisaccharides. 
Fra ct ions 5_  and . 	The two fractions were each shown by paper 
chromatography to contain only the component which had been 
tentatively identified as Q- cL --.gaiacio7yranosyi-(i--3)-Q- 3 - 
'D_galactopyranosy1_(i__4)-Q-ga1actoJe. 	They were therefore 
combined 1"0.22 g.), crysta1lied, and recrystallised from 
- 	_O r 1 
aqueous ethanol (8 	v/v), m.p. 23-23i 	 ( 2.73 9 
water). 	Treatment with pyridine and acetic anhydride at room 
temperature/... 	 . 
75. 
temperature for 6 days gave the acetate, m.p. 275-277 0 , 
{.1O + 13 (c 0.46 CHC1). 	Morgan & O'Neiligive 19.p. 
237-239° [) + 146° for the sugar to which they assigned the 
structure 0- Ck -D-ga1actopyranosy1-(1--3)-Q- °( --ga1actopyrarosy1-
(1-3)-2-galactose, and mop. 275-277 0,[ 6,]..+ 106° for it acetate. 
Methylation analysis using the methods described for fractions 
2 and 3 showed 2 9 3,4,6-tetra--methy1ga1actose, 2,4,6,-tri-Q-  
methyl, calactose and 2,3,6-tri-0-rnethylgalactose or their 
derivatives before reduction and the former two only with a 
penta--methy1ga1actito1 afterwards. 
The trisaccharide contained in fractions 5 and 6 was firmly 
characterised therefore as Q— c& --galactopyranosy1-(l 93)0* 
/3 -D-ga1actopyranosyl-(1--'4)--ga1actose. 
( v) Fractions DI and _pa. 	Paper chromatography 
(Solvent A, spray 1) showed a single spot in each with RG1  0.31. 
Zone electrophoresis (conditions as before) showed one spot, in 
each case MG  0.27. 	Paper chromatography in the 9:1:2 solvent 
(2 x 48 hr.) showed one slow moving spot only. Both DI and DII 
were considered chromatographically and electrophoreticaily pure, 
and were therefore combined. 
The syrup (1.40 g.) had 	1600 (g' 2,0 2 water). 	A 
sample.(3 mg.) was dissolved- in saturated calcium hydroxh 
solution and left at room temperature in an atmosphere of 
nitrogen for 24 hr. 	After addition of Amberlite 1R120 resin 
(H+ form), paper chromatography (9:1:2 solvent, spray 1) showed 
0- o--ga1actopyranosyl-(1--4)--galactose and traces of 3-0- 
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--ga1actopyranosyl--galactose. 	The isomeric di- and tn- 
saccharides were not observed. 	Methylation analysis using the 
methods described for the trisaccharides showed 2 9 3,4 1,6-tetra-
Q-methylgalactose, 2,3 9 6-tri-0-methylgalactose, and 2 14,6-tri-0-
methylgalactose or their derivatives before reduction, and the 
same qualitative pattern of products afterwards, except that 
there was a penta-0-aethy1galactito1 and the proportion of 
2,4,6-tri-0-methylgalactose was very much diminished. The 
tetrasaccharide present in the combined fractions DI plus DII 
was thus firmly characterised as Q- 	.--galactopyranosyl(l---)3)- 
O-j -D-galactopyranosyl-(l-4)-Q-v& -D-galactopyranosy1-(l---3)-
12-galactose. 
( vi) Fr_actin. 	The syrup (3.22 g.), which included 
material (2.50 g.) eluted with aqueous ethyl methyl ketone, was 
shown by paper chromatography to contain penta- and higher 
saccharides. 	It was.not examined further. 
EXPERIMENT 12 
The Specificity of Desuiphated \-Carraqeenan Towards Acetolvsis 
and Hydrolysis. 
Desulphated polysaccharide was used for this experiment to 
avoid complications arising from the relative stability of some 
sulphate esters to aqueous hydrol'rsis 68 
?\-carrageenan which had been desuiphated with methanolic 
hydrogen chloride 10 % 200 mg.) was heated on a boiling water 
bath/... 
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bath with 0.3N-sulphuric acid (100 ml.). 	Samples (10 ml.) 	were 
withdrawn from time to time and examined by paper chromatography 
in the 9:1:2 solvent (spray 1) after neutralisaticn with 
Amberlite resin (1R45 1 H0 form). 	Hydrolysis was almost complete 
after 8 hr. 	No 3-0- at --galactopyranosy1--galactose v:s 
detected in any sample but substantial amounts of 4-0- P --
galactopyranosyl-D-galactose were present at all intermediate 
stages of hydrolysis; the relative concentration was a maximum 
after hydrolysis for 2 hr. 	A second sample of desulphated 
X -carrageenan (200 mg.) was added at 00  to acetic anhydride 
(. ml.), acetic acid (4.5 ml.), and concentrated sulphuric acid 
(0.5 ml.), and the mixture was stirred at room temperature. 	At 
intervals samples were worked up in the same'way as for the large 
scale experiment (Exp. 9) and examined by paper chromatography. 
The amount of 3-0- 09 -Q-galactopyransyl-D-galactose increased 
to a -maximum after 48 hr.; 4-0- --galactopyranosyl-D-galactose 
was detectable as a minor product only. 
EXPERThENT 13 
Attempted Rationalisation of the Reverse Specificity Showp_y 
Desulphated )-Carraaeenan to Acetolysis arid-Hydrolysis. 
To distinguish between nossible rescns for the diff - yent 
behavour of the polysaccharide towards acid hydrolysis and 
acetolvsis, Experiment 12 was .repeated with methylated desulphzited 
.7-carrageenan.  
Desulphated >.-carrageenan (the same sample as used in 
Exp. 121... 
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Exp. 12, 3 g') was methylated with barium hydroxide and dimethyl 
sulphoxide 
o. This was subjected to acid hydrolysis and to 
acetolysis (see below). 	Samples were withdrawn from time to 
time and then remethylated, methanolysed,arid analysed by gas- 
liquid chromatography. 	Only the tri-O-methyl sugars ass.)ciated. 
with unhydrolysed glycosidic linkages would survive this sequence. 
An accumulation of, for example, 2,3,6-tri-0-methylgalactose 
relative to 2,4,6-tri-0-methylgalactose as each experiment 
progressed would indicate that the 1 94-linkage was the more 
stable under the conditions. The reverse would be true if there 
were a relative accumulation of 2 1 4 2 6-tri-0-rnethylga.lactose. 	To 
obtain a satisfactory separation of the two tri-Q-methylgalactoses 
on gas chromatography, the mixture of methyl glycosides (25 mg.) 
which resulted from methnolysis was acetylated by treatment with 
pyridine (1 ml.) and acetic anhydride (1 ml,- ) for lhr. at 1000 65 
After evaporation of the reagents the residue was dissolved in a 
drop of chloroform for analysis by g.1.c. (Column A). 	The 
retention times were: 	 - 
Methyl 2,3,6-tri-Q-methylgalactosides - 2.86 9 3.54 2 (3.75) 5 (4.12) 
Methyl 2,4,6-tri-0-methylgalactosides - (175), (4.12) 
Methyl 2,3,6-tri-0-methylgalaCtOSide 4-0-acetates - 2.16, 2.70 
Mathyl 2,4,6-triQethylga1actoside 3-0-acotatc  
'or the acid hydrolysis experiment, the methylated poly -
saccharide (300 mg.) was dissolved in 0.3J sulphuric acid 
(150 ml.) and heated to 1000. 	Samples were removed from time 
to time and, after neutralisation with Amberlite resin (1R45, HO ­ t 
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form), they were filtered and evaporated to dryness. 	Methylation 
was by the same method as for fractions 81 and 811. Each product 
was shown to be completely methylated by infra-red spectroscopy, 
using a solution of the entire product in chloroform (1 ml.) with 
sodium chloride liquid cells (0.5 mm. path length).. 	Methanolysis 
and g.1.c. showed that hydrolysis had been virtually complete after 
4 hr. The relative proportions of derivates of the two tri-Q- 
methyl sugars remained similar up till this time, indicating that 
acid hydrolysis is not specific for one type of linkage under these 
conditions, 
For the acetolysis experiment satisfactory conditions were 
never found. 	Complete acetolysis was almost instantaneous under 
all the reaction conditions which were tried, even at a tempera- 
ture of _l00  in an ice-salt mixture. 	It was therefore impossible 
to analyse the productsat intermediate stages, and .the experiments 
were abandoned. 
Discussion. 




4-0- A -D-galactopyranosyl-D-galactose 
trisaccharides: 
0- c -D-galactopyrariosyl-(l---3)--0- 	-D-ga1actopyranosyI- 
(l-4)-D-galactose 
o- j3 -D-galactopyranosyl-(l_--+4) 70- c*. -D-galactopyranosy?--
(l_-).3)-D-galactose. 
tetrasaccharide: 
o- a -D-galactopyranosyl-(l----33)-O- j? -D-galactopyranosyl- 
(1__-,4)-0- o _D-galactopyranosyl-(l---,3)-D-galactose 
The above is entirely consistent with the regular repeain. 
seouence of a-1,3 and -1,4-linked galactose residues proposed 
for the carrageenans (see preceding section). 
Of the two trisacc.harides, eluted as a mixed fraction from 
the charcoal column, and subsequently separated on a cellulose 
column with the new chromatography solvent specially developed 
for the purpose, one was obtained crystalline (e). 	The physical 
constants, and those of its acetate were similar to those for 
the compound to which Morgan & O'Neill assigned the structure 
0- at _D_galactopyranosyl-(l--3)-0- d. -D-galactopyranosyl - 
alac bose 30 
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For this reason it is believed that these two trisaccharide3 are 
the same compound. Morgan & O'Neill reported that their tn-
sacchanide rapidly consumed 4 mo1 of peniodate with the release 
of 2 mol. of formic acid and this is consistent with structure (c) 
but not with-their structure. 
The only disaccharide which Morgan & O'Neill were able to 
detect was " 	-1,3 galactobiose" (a). 	However, it was found 
that when chromatograms were irrigated with the solvents they 
employed (a) was not separated from 	-1,4 galactobiose"(b). 
Because of this, and because the 4-linked isomer was obtained in 
much lower yield than its 3-linked counterpart (see below), it 
is probable that (b) might well have escaped detection by the 
methods they employed. 
Only one tetrasaccharide was.present (e) and this contained 
two 	-1 9 3 linkages0 	The absence of an isomeric tetrasaccharide 
with two 	-1,4 linkages and the unusually low yield of 
galactobiose suggested that acetolysis cleaves 1-4 
linkage faster than 1-3 linkages 	Experiment 12 showed that 
this was true, and also that aqueous acid hydrolysis had the 
reverse effect, namely to cleave l-3 linkages faster than 
1-4 linkages;- other examples of the reverse specificities of 
14 and refs therein 
these reagents are nown 	 . 	Vhereas, .n the 
case of hydrolysis, the reaction intermediate is often a cyclic 
carbonium ion 
66,  little is known about the mechanism of 
acetolysis. 	In Experiment 13 2 an attempt was made to distinguish 
between possible alternative reasons for the difference, namely 
whether,!... 
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whether it could be caused by a difference between the properties 
of the attacking species or the corresponding solvent systems, 
or, alternatively, by the difference in state of the poly-
saccharide under the two bets of conditions, i.e. the Q-acetate 
An acetolysis and the native material in hydrolysis. The 
second possibility would not exist in a comparison of the 
hydrolysis and acetolysis of the polysaccharide as its methyl 
ether. 	Substitution of the polysaccharide did indeed alter the 
pattern of behaviour. 	In hydrolysis each linkage was cleaved 
at approximately the same rate, which showed that both reaction 
intermediates must be equally stable. 	In acetolysis the 
reaction was much faster presumably because here, reaction 
intermediates are stabilised by electron donation from the 
methyl grouprather than the opposite effect from electron 
withdrawal when the polysaccharide is.acetylated 67 
However, because it was not possible to analyse the products at 
intermediate stages, no further conclusions are possible. 
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SECTION 	C. 
"Dekinka sell. a New Enzyme with a Role in CarraQeenan Function and 
Biosynthesis. 
I at r o d u c t i o n. 
The important physical and chemical properties of carra-
geenans were described in the General Introduction. 	Information 
about their biological role is more difficult to obtain, but one 
approach is through the study of enzyme systems involved in 
polysaccharide synthesis. 	In this section,. one such enzyme 
system is described. 
The most general route for polysaccharide biosynthesis 
involves the transfer of sugar residues from donor molecules 
which are sugar nucleotides. 	The modification of sugar residues 
often occurs before polymerisation with the sugars bound to nucleo-
tides. 	In pectin synthesis, for example 	LDP glucose is 
converted to UDP galactur..onic acid via UDP glucuronic acid before 
polymerisation to the polygalacturonate 72•  Some examples are 
known of modification after polyr.risation, such as methyl 
esterification of the above galacturonate 	, the transfer of 
0-methyl groups to the -glucuronic acid residues of hemi- 
74 	. . 
cellulose , and formation of 3,6-annydro--galactose residues 
1 	 75 in porphyran . The first nucleotides to be found in the 
Rhodophyceae/. 
84. 
Rhodophyceae were uridine diphosphate glucose and uridire 
diphosphate galactose in the products of photosynthesis of 
Iridea flaccidurn 
76 
. 	The nucleotides present in 	hyra 
perforata, from which porphyran may be extracted, include uridine 
diphosphate -galactose and guanosine diphosphate L-galactose. 
These two nucleotides are likely precursors of porphyran and 
might have arisen from uridine diphosphate u-glucose and 
77 
guanosine diphosphate -mannose which were also present 
Porphyra umbilicalis (which is botanically very close to 
Porphyra perforata 	extracts have been shown to contain an 
/ 	
enzyme which catalyses the conversion of -galactose 66-sulphate 
75 
units to 3 9 6-anhydro--galactose at the polysaccharide level 
Since the enzyme attacks even quite large fragments much more 
slowly than it does the parent polysaccharide v 3 1 6-anhydro-
galactose formation probably occurs after the polysaccharide 
75 chain has been synthesised . The formation of 6-Q  -methyl 
ethers after polymerisation is thought likely by analogy with 
other examples, and would explain the masked repeating structure 8 
(see Section A). 	The most likely route for porphyra bio- 
synthesis would therefore be the initial formation of a - 
galactan from iJDP -galactose and GDP -galactose followed by 
suiphatiori, partial methyla. .on, and 3,6-anhydride formation. 
The last three steps could conceivably occur in a different 
7 order 
A similar route could be proposed for the biosynthesis of 
carrageenans. it is probable that a neutral galactan composed 
of,!... 
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of -galactose residues is formed first then overlaid with sulphate 
and anhydride to form the various polysaccharide types (evidence 
for such a galactan is discussed in Section A for Furcellaja 
fastigata (lambda fraction) and Gigartina atroourourea (lambda 
fraction )). 	In the .X-, 	frL system >- and 	would 
seem to be (relatively) end.products of biosynthesis and any 
interconversion in vivo would be difficult to envisage as, 
amongst other things, an extensive re-arrangement of sulphate 
groups would be required 	The conversion of ) - or 	- to 
JA. - is also unlikely as this would require re-arrangement of 
sulphate groups or opening of the anhydro ring. 	and 
Y% -carrageenans represent extremes of a structural spectrum and 
the structure of 	suggests that it might very well be a 
biological precursor of K-carrageenan 
In Section A, evidence was given for the conversion of 
galactose 6-sulphate to 3 9 6-anhydrogalactose by alkaline boro-
hydride, and in the General Introduction it was pointed out that 
this chemical modification also produces .a conformational change 






24  has shown that the effect of an 
isolated Cl residue is to intodue a "kink's into the chain which 
would otherwise tend to a regular helical form. These kinks may 
25 
thus block the formation of double-helical junctions 	, and their 
removal by anhydride formation therefore modifies the texture of 
the biological gel.. Thusif the biosynthesis of carrageenans 
follows the pattern described, then the enzyme system which 
introduces the anhydride may be considered to control he poly-
saccharide conformation and hence moderate its biological function. 
Two earlier attempts were made in this laboratory to detect 
I 	this enzymic activity 78• 	The first in 1962 was made' with 
jartinstellata harvested at Lorgniddry near Edinburgh, when 
a crude enzyme extract was prepared by essentially the same method 
as outlined in Exp. 14, and freeze dried. 	Several attempts to 
demonstrate the presence of a 3 9 6-anhydrogalactose synthesising 
enzyme were unsuccessful. The second attempt was made in 1964 
on Chondrus crispus harvested at Menai Bridge, Anglesey and sent 
through the post (transit tirnnie 1 day) but again attempts to 
demonstrate enzyme activity met with no success.' 
As a basis for extracting the crude enzyme preparation and 
detection of activity the conditions previously devised for 
Porphyra umbJica 	were used . The most convenient 
carrageenan bearing weed was Gigartina stellata, and this was 
used as the source of both enzyme extracts and substrates 
(except when other substrates were tried). The substrates 
normally employed contained a maxirnurr of about 25% of galactose 
6-sulphate/... 
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6-sulphate plus galactose 2 9 6-disuiphate, and therefore enzyme 
activity towards both was necessary before their full conversion 
into 3,6-anhydrogalactose was possible. 	Further-more, since enzyme 
activity was low or non-existent in preliminary experiments, it was 
often difficult to recognise whether a particular enzyme assay had 
been successful, and necessary to perform a large number of 
experititerits in order to reach a convincing conclusion. 	However, 
after a number of unsuccessful experiments, enzyme activity was 
definitely established when cysteine was incorporated into both 
extraction and incubation media. Cysteine can act in two ways to 
prevent enzyme inhibition. 	Firstly, salts of heavy metals such as 
copper and lead inactivate most enzymes at high concentrations and 
some enzymes are extremely sensitive to low concentrations of such 
ions. 	In most cases heavy metal inhibitions are reversible by the 
addition of a metal complexing agent such as cysteine 79 
Secondly, the thiol groups of some enzymes are readily oxidised by 
air to disulphides, and to maintain these groups in the reduced 
state another thiol such as cysteine, glutathione or mercapto-
ethanol is often ad ded so that interchange takes place according 
to the following reactions. 
( 	i) —SS—E ± RSH—tE — SH + R—SS—E 
(ii) R—SS—E + RSH—. P—SS—R + E—SH 
Cysteine was therefore tried in the present situation and 
activity was immediately detected. A control experiment then 
confirmed that cysteine was responsible for maintaining activity. 
Further improvement to the extraction and incubation conditions 
incl_udincv'... 	 - 
KT 
including the preparation of an activity v. time curve were 
followed by an unsuccessful attempt to find better substrates in 
other species of weed. 
To obtain a purified enzyme extract the protein was precipi-
tated with ammonium sulphate. 	In concentrated electrolyte. 
solutions proteins have decreased solubilities and can be 
"salted out" of solution by the addition of the appropriate 
quantities of certain salts. 	Ammonium sulphate was used in this 
experiment as it is the salt most commonly used and is highly 
	
80 	-. 
soluble and effective • After precipitation followed by 
dialysis, an unsuccessful attempt was made to store the still-
active extract either as a freeze-dried powder, or a frozen 
solution. 	However it was found later that storage was possible 
as a suspension in ammonium sulphate at 
40,  and its pH-activity 
dependence measured. 	Finally, Cleland's reagent 	-(dithio- 
threitol) was briefly examined with a view to substituting it for 
cysteine. 	Dithiothreitol is the threo isomer of 2 1 3-dihydroxy- 
1 9 4-dithiolbutane, and is a highly water soluble compound with 
little odour, or tendency to be oxidised directly by air, although. 
it reduces disulphides quantitatively and is capable of maintain- 
ing monothiols.cornpletely in the reduced state. 	It is also 
capable of forming ligands with heavy metal ions, although .t is 
probably 	Tflore specific than cysteine. 	Dithiothreitol was 
therefore considered as a possible (though expensive) alternative 
to cysteine which is very susceptible to atmospheric oxidation 
and is obtained as the highly acidic hydrochloride, presenting 
problems/... 
RM 
problems of pH control. 	Results were disappointing but reasons 
for believing that success is possible will be given in the 
discussion. 
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E x o e r I m e n t a 1. 
EXPERIMENT 14 
General Preparation and Assay Procedure. 
This procedure is based upon that described by Rees 	for 
porphyran and has been progressively modified to suit the 
requirements of the carrageenan nzyrnes. 
Both Porphyra umbilicalis and Giqartina stellata were 
collected at North Berwick near Edinburgh in the period October 
1966 to December 1968. 
The entire preparation was carried out between 0_40  in the'  
cold room. 	The freshly harvested weed (usually approx. 200 g., 
wet weight) was first washed repeatedly with running tap water, 
then ground in a large mortar into aqueous sodium carbonate 
(0.25% 2 250 ml.) pre-cooled to 4. 	After 24 hr. the solution 
(pH 8.3) was squeezed through muslin, adjusted with dilute acetic 
acid to pH 6.0 - 6.5,' and clarified', on the refrigerated centrifuge. 
The extract was then assayed for activity as follows. 
Portions (0.2 ml.) were incubated in Qiickf it test tubes (319) with 
substrate (oorphyran or carrageenan as appropriate, 0.17% in 
o. 21.1 tris-HC1 buffer, pH7.6 0.2 .i.) at 35 ° , and samples removed 
in triplicate at intervals. 	Each tube was then heated for 
5 minutes in a boiling bath to stop the reaction, followed by 
measurement of the 3 3,6-anhydrog6lactose content by the resorcinol-
concentrated hydrochloric acid method (the reagents being added 
directly to the tubes). 
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In an initial experiment on porphyran to practise the 
technique, the following result was obtaineth 
Incubation Time 	Triplicate Colorimeter Readings 
(mins.) 	1 	2 	3 	Averaq 
	
0 	 2.25 	2.20 	2.22 	2.22 ) 
) 
45 	 2,30 	2.40 	2.35 	2.35 ) Increase 
120 	 2.85 	2.85 	2.60 	2.73 )0.81 
) 
240 	 3.10 	3.00 	3.00 	3.03 ) 
The average increase in colorimeter reading is therefore 
0.81 after 240 minutes. These results show that the crude 
enzyme extract catalysed the formation of additional 3,6-anhydro-
galactose units to the extent of about 4. 
EXPERIMENT 15 
Detection of Enzyme Activity in Gloartina Stellata Extracts. 
(a) Incubation of enzyme extract with REX 510 5 (Oct. 1966). 
REX 5103 (supplied by Marine Colloids Inc.) is an isopropanol 
subfraction of -carrageenan from ondr crip 12 
	it was 
the first substrate tried because of its high 6-sulphate content 
(approx. 15% of the 4-linked units). 	The experimental procedure 
was similar to that described in Exp. 14 except that the crude 
enzyme extract was incubated with buffer alone, 83 well as with 
buffered 	polysaccharide. 	The following is a typical result. 
S • 
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Incubation time 	Triplicate Colorimeter Readings 
a' 	 1 	 f' 	 A.... Tfl1&i.j 	 t%vet4e 
Enzyme + buffer 
0 0.16 0.17 0.16 0.16 ) 
) 
30 0.21' 0.21 0.21 0.21 ) Increase 
0009 
90 0.21 0.21 0.21 0.21 ) 
) 
180 0.23 0.25 0.25 0.25 ) 
Enzyme + REX 5105 
0 3.80 3.79 3,79 3,79 ) 
) 
30 3.80 3.88 3.90 3.85 ) Increase 
90 3.87 3.88 3,88 3.88 ) 	
0.09 
) 
180 3.88 3.87 3.88 3.88 ) 
- 	These results are 	inconclusive, although it was 
thought possible that for the enzyme + buffer incubation, co-
extracted substrate was being catalysed. The increase in 
colorimeter reading of the enzyme ± REX 5105 incubation suggested 
that the 6-sulphate units. in the REX 5105, were not being catalysed, 
but again the co-extracted substrate was affected. 	For this 
reason, it was'decided to extract carragecnan from the same 
Gigartina stellata used for the enzyme preparations, fractionate 
it, and then try each fraction as substrate. 
EX 5105 was tried again later (Sept. 1967), also E. 
cottonii, . p,ingsimn (see Section A), and REX 510*) when enzyme 
activity had definitely been established with cartina, but only 
doubtful activities were detected, although this might have had 
something/. 
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something to do with the season (see Discussion). 
u) Preiparation UI r Oiv Sd ndxLue Fractions from U LQar.Jud.  
Gigartina stellata (700 g., wet weight) was washed repeatedly 
with cold tap water and then cooked at 1000  for 2 hr. 	The 
viscous polysaccharide solution was squeezed through muslin, and 
the cooking and extraction procedure was then repeated. 	The 
combined solutions were successively treated with two different 
concentrations of potassium chloride to produce two precipitates. 
The fractions are: 
Fraction (. i) with 0.11 potassium chloride (t ) 
Fraction ( ii) with 1.0L3 potassium chloride ( p ) 
Fraction (iii) potassium chloride-soluble 	C \ ) 
(Although the symbols 	)i, and >-- will be used for the 
respective fractions the refer only loosely to structural types, 
i.e. 	is probably a combination of 	and )(_). 
Each precipitate was separated from supernatant by centri-
fuging the hot (initially 80
0  ) suspension and suspending the solid 
polysaccharide in aqueous sodium chloride (3%) for dialysis 
against aqueous sodium chloride (5%, 3 days), and finally against 
running tap water until chloride-free. The ) -fraction was 
dialysed against running tap water only. Each fraction was 
isolated by evaporating the solution to small volume and i'eeze 
drying. 
When a Giqartina (Dec. 1966) extract was incubated (as 
before) with each fraction no increase in 3 1 6-anhydrogalactose 
was observed. 	Several batches of alLoartI,,na were harvested 
between!... 
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between January-April, 1967 when variations in both extraction and 
incubation conditions were tried without success until cysteine 
was incorporated into both extraction and incubation media. 
(c) Detection of Enzyme Activity in the Presence of Cysteine 
(April, 19671. 
For this experiment the substrates were Ci) X -fraction 
from (b) above and (ii) "whole" carrageenan prepared by cooking 
a batch of weed as in (b) above, squeezing the polysaccharide 
solution through muslin, dialysing against running tap water, 
evaporation to small volume, and freeze drying. 
The extraction and incubation procedures were as before 
(Exp. 14), but due to the earlier mentioned strongly acidic and 
unstable nature of L -cysteine hydrochloride the reagents were 
always made up immediately before use. 	They were prepared as 
follows for this experiment. 
Extraction medium. 	To an aqueous solution of - 
cysteine hydrochloride (B.D.H., O.02, pH 2.0) was added solid 
sodium carbonate to pH 8.5. 
Substrate. 	To solutions of each substrate (see above) 
1 0.17s in 0.2M tris-HC1 buffer, in 0.05 L-cysteine hydro-
chloride, pH 3.3) was added solid tris to pH 7.6. 
!ncuhatiori was for 24 hr. and results are as follows.: 
Incub ation time Triplicate C.lorineter Readings 
(mins.) 1 2 	3 Averaae 
Substrate ( ij 
24 4.30 4.26 	4.27 4.27 	) inc. 
0 4.19 4.2 4.00 4.10 	)
0.17 
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Incubation time Triplicate -Colorimeter Readinas  
(mins.) 1 2 
Substrate (iil 
24 5.13 5.17 	5.05 5.12 	) Inc. 
)0.31 
0 4.80 4.80 	4.85 4.81 	) 6.5% 
These results were distinctly better than those obtained 
previously, and suggested that thole carrageenan (ii) was a better 
substrate than the earlier-prepared .X -fraction (1). 	In a 
control experiment v4o1e carrageenan was incubated both in the 
presence (6% increase) and absence (no measurable increase) of 
cysteine, thus confirming its necessity for activity. 
EXPERIMENT 16 
The Optimum Conditions fur Extraction and Incubation. 
Concentration of cysteine in extraction medium (June 197). 
Three concentrations were examined (1) 0.054, (ii) 0.025?., 
and (iii) 0.01t1 and the largest increase in 3,6-anhydrogalactose 
was at 0,05M. 
PH of extraction (Tul1967). 
Two experiments (1) between pH 6.0-10.5 and (2) between 
PH 10.5-12.5 were found to be necessary because it had been 
Presumed that the optimum pH would be well below 10.5, bu., as 
shown below, the results from Experiment (1) suggested that the 
PH optimum might be above 10.5. The solutions were prepared as 
follows. 
The four pH values between 6.0-10.5 were obtained by 
successive/... 
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successive addition of sodium carbonate to an aqueous solution of 
-cysteine hydrochloride (0.05.). 	Above pH 10.5 sodium 
hydroxide was added to a sodium carbonate-L-cysteine solution 
(pH 10.5). 	After squeezing each extract through muslin, 
adjusting the pH to 6.0-6.5 9 and centrifuging, the incubation was 
for 24 hr. as before. 
Hof extraction 	Increase in 3,6-anhydroaalactose % (triplicate)  
1 2 3 Average 
(1) 	6.0 -5 0 0.3 -1.5 
7.5 3 5 2 .3.3 
9,0 8 3 9 6.7 
10.5 9 14 14 12.3 
(2) 	10.5 18. 16 10 14.7 
11.5 12 1.5 12 13 
12.5 14 9 9 10.7 
These two sets of results, although not directly comparable 
as separate batches of weed were used, indicate that a pH of 
about 10-10.5 is most suitable for extraction. 
Optimur extraction time (July 1967). 
The weed was ground into cystëine-sodium carbonate solution 
(pH 10.5 1 see above (b)), and samples removed for analysi aft: 
1 hr.I 5 hr., and 24 hr. 	The levels of activity were low how- 
ever, and no distinction between the extraction times was possible. 
The experiment was repeated with the same result. 
Time course for the enzyme catalysed reaction. 	 V 













Time (hr. ) 
Fig. 4. 
Time Curve for the Enzyme Catalysed Reaction 
97. 
were made in September, 1967 using , the various fractions obtained 
from an ammonium sulphate precipitation experiment (Exp. 17). 
These were unsuccessful and a second successful attempt was made 
in February, 1968 2 using freshly prepared enzyme extract. 
Since supplies of substrate were nearly exhausted, four new 
fractions were prepared. 	The preparation was similar to that 
described in Exp. (b) except that the ( -fraction was precipita-
ted with 0.15M potassium. chloride, the p. -fraction with 1M 
potassium chloride, and the ? -fraction was the supernatant. 
A batch of whole carrageenan was also prepared. A comparison 
against an enzyme extract indicated that the N -fraction was the 
best substrate. 
A crude enzyme extract was, prepared, with extraction for 
24 hr. at pH 10.5 in aqueous -cysteine hydrochloride (0.05M). 
Incubation was with the new 	-fraction(0.1% in 0;2M tris-HC1 
buffer, in 0.05M L-cysteine hydrochloride with added tris to pH 
7.6). 	Portions of enzyme extract (5 ml.), and substrate (5 ml.) 
were incubated at 
350,  and samples (0.5 ml.) were removed from 
time to time for analysis by the resorcinol method. 	The results, 
tabulated below, are shown graphically (Fig. 4). 
Incubation time 	Triplicate Colorimeter Readings 	Increase 
(hr.) 	 1 	2 	3 	Averacie frciTO 
0 2.70 2.73 2.72 ' 	 2.72 0.0 
1 2.72 2.75 2.72 2.73 0.5 
2 3.00 2.95 2.90 2.9 7.0 
3.5 3.00 3.00 3e00 3.00 9.0 
7.75 3.08 3.03 3.03 3.05 11.0 
24 3.12 3.12 3.30 3.18 14.0 
KM 
The graph shows that the reaction reaches 5 completion 
aftei about 3 hr., and reaction times between 2.5-4 hr. were used 
in subsequent experiments. 
EXPERIMENT 17 
Purification of the Enzyme Extract by Precipitation with Ammonium 
Sul-hate. 
Seaweed (1 kg., wet ieight) was hrvested in September, 1967 
and extracted with aqueous sodium carbonate (in 0.051 cysteine, 
1.25 1. 1 pH 10.5, for 24 hr.) and the crude extract (800 ml.) 
isolated as before (Exp. 14). 	Solid ammonium sulphate (N. & B., 
"Reagent" grade) was then added to 0.5 saturation, 	A precipitate 
formed which was removed on the centrifuge, dissolved in distilled 
water and dialysed for 5 days in a large container against 
frequently changed distilled water (4 ° ). 	A further quantity of 
ammonium sulphate was then added to the supernatant until there 
was 0.3 saturation, and centrifugation and dialysis repeated. 
At this stage both dialysed solutions showed good activity when 
incubated with the earlier prepared whole carrageenan (Exp. 15 
(c), approx. 2 	increase after 24 hr.). 	Two methods of storage 
were examined (1) as a powder after freeze drying and (ii) as a 
frozen solution. 	After storage for 1 day analysis showed only 
doubtful activity. 
A second precipitation was also tried (Nov. 1967) 3, similar 
to the first, but only one fraction (at 0.3 saturated ammonium 
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saturation showed that it was possible to keep an active extract 
for about 3 weeks as the 0.8 saturated ammonium sulphate 
suspension. 	For incubaticr ) a portion of the suspended extract 
was centrifuged, the supernatant discarded, and cold distilled 
water (40,  5 ml.) added tc dissolve the solid protein. 	Portions 
(0.2 ml,) were then incubated for 4 hr. with portions (0.2 ml.) 
OIL the buffered new >,-fraction (0.1% in 0.21A tris-HC1 buffer, 
in 0.1 L-cysteine hydrochloride, with added tris to pH 7.6). 
The results showed that activity (7% increasc. in 3 1 6-anhydrc-
galactose) was still present after 3 weeks. 	This preparation 
was used after storage for 1 week to examine the activity of the 
enzyme over a wide pH range. 
EXPERIIAENT 18 
ination of the Optimum pH for incubation of the LUZInIga. 
The tris-HC1 buffer used in all previous experiments was 
not suitable here as its action does not extend to sufficiently 
high pH. 	Two alternative buffer systems were therefore examined. 
Sodium tetraborate buffer had proved successful in the previous 
work on the fhyra enzyme 
32 
 ar1d was therefore tried first. 
Portions (0.2 ml.) prepared from te arnmonium sulphate suspensio. 
as described in 12:xp. 17 were -incubated with portions (0.2 mi.) of 
substrate prepared as follows. 	To 5 ml. of a stock solution of 












PH of Incubation 
Fig. 5. 
PH - Activity Curve for the Enzyme Catalysed Reaction 
100. 
aqueous solution of sodium tetraborate (b) (0.04j ad justed to pH 
r i 	2 4 	T 	 2 	 - 	2 	 1_.. 	 - _1 	.L 4_ 4 
0.0 . -cs Ii>urOIi1Oi 1ui . SuuS 
of highest pH. 	The pH of the buffer solution (b) was then 
lowered to pH 7.5 with the appropriate quantity of 0.041 hydro-
chloric acid, and 5 ml. portions of both h-fraction (a) and 
buffer solution again mixed to give the second buffered substrate 
solution. 	In this way, seven substrate solutions between pH 
5.0-8.0 were prepared. 	However, when portions (0.2 nl.) of 
each substrate were incubated with portions of enzyme (0.2 ml., 
4 hr.) only low activity was detected at each pH and this buffer 
system-was therefore abandoned. 
Another buffer having the desired range is the tris-maleate 
System. 	Six separate stock solutions of this buffer were 
the'refore prepared (0.2LA at pH 5.0, 5.6 1 6.25 7 6.75, 7.25, 8.00, 
and 8.60). 	Immediately prior to incubation, portions (20 ml.) 
of each buffer were made 0.1 with respect to L-csteine hydro-
chloride and the pH adjusted with solid tris. - Then 5 ml. of 
this solution were added to 5 ml. of the stock X -solution (a) 
for incubation as before ((.2 ml. portions, 2.5 hr.) with enzyme. 
Good levels of activity could be demonstrated and the results 
are tabulated below, and graphically (Fig. 5). 
/... 
101. 
pH of Incubation 	Increase in Triplicate Colorimeter Reading 
jjjjtia1 value 4.18j 
Averae increase 	% Increase 
5.1 0.35 8.0 
507 0.39 9.0 
6.2 0.50 12.0 
6.6 0.20 4.5 
7.0 0.14 3.0 
7.5 0.19 4.3 
'J.J.J 2.3 
8.5 0.10 2.3 
The optimum pH is thus shown to be near 6.2 9 and a subsidiary 
maximum appears about pH 7.5. 
EXPRIiENT 19 
Attempted Substitution of Cleland's Reaoent for Cysteine. 
Freshly harvested seaweed (July-August 1966) was used in 
these experiments. 	The procedures were the same as usual, but 
the reagents were prepared as follows. 
( 1) Extraction medium. 	Aqueous sodium carbonate (0.25% in 
dithiothreitol 0.1% 5 Calbiochem). 
( ii) Substrate. 	New ) -fraction (0.14% in tris-rnaleate 
buffer 0.1w, in dithiothreitol 0.1%, pH.6.2). 
Incubation was for 3 hr., with 0.2 ml. portions. 	The results 
were very erratic however, until it was found that the presence 
of dithiothreitol inhibited colour development in the resorcinol-
hydrochloric acid test. 	Several unsuccessful methods for 
destroying the dithiothreitol before colour development were 
tried/... 
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tried, until the following method was found. 	After incubation 
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5 minutes to stop the reaction. To the boiled incubation 
mixture (0.4 ml.) was added an equal volume of aqueous cystine 
(a saturated solution in sdium bicarbonate 0.2M 3, pH 8.0) and 
the solution was heated at 800  for 5 minutes. 	The resorcinol- 
hydrochloric acid reagents were then added directly to the tubes 
for 3,6-anhydrogalactose determination in the usual way. 
Although there wasno depression of the 3,6-anhydrogalactose 




collected in September, November, and Decembr 1968 were also 
inconclusive. 
103. 
D I s c u s s 1 o n. 
Although this investigation is still at a preliminary stage 
and a great deal of work is still necessary, Giqartina ste1l 
extracts have definitely been shown to contain an enzyme system 
capable of catalysing the cbnversion of D-galactose 6-sulphate 
residues to 3,6-anhydro--galactose. 
This enzyme has been much more difficult to work with than 
the analogous Porphyra enzyme as it is inactivated by either 
heavy metal ions, atmospheric oxidation, or both. 	This problem 
was partly overcome by the use of cysteine,. but as described 
earlier its unfortunate instability and the highly acidic nature 
of its hydrochloride have prevented rapid progress. 	Cleland's 
reagent was examined as a substitute for cysteine but results 
were inconclusive. 	it is probable, however, that either the 
concentrations used were too low, or seasonal variation in 
activity were responsible, and further examination is obviously 
required. 
The approximate dates of experiments are given and suggest 
that enzyme activity reaches a maximum in early spring and falls 
to a minimum in the latter half of the year. Thus there mighf 
be a cycle of enzye activity, explaining why experiments done 
in the autumn were never successful. 
As far as can be seen at this stage, the enzyme seems to 
be specific only for co-extracted substrates, as no activity. was 
shown towards other carrageenans. Two pH maxima are shown on 
the/... 	. 
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the pH-activity plot, the major peak at pH 6.2 and another smaller 
peak near pH 7.5, suggesting that two enzymes are acting on the 
same substrate. 	The most effective form of storage so far found 
is as an ammonium sulphate suspension. 
The detection of this enzyme system shows that the previously 
mentioned analogy with porphyran biosynthesis must be substantially 
correct. 	A more stable and active enzyme extract, capable of 
catalysing total 6-sulphate elimination in different poly-
saccharides would be very interesting and it might be possible to 
demonstrate and separate, different specific activities for 
galactose 6-sulphate and 2 1 6-disulphate residues. 	Finally, the 
detection of this enzyme and that from Porphyra has demonstrated 
the first instance of the biosynthesis of D and L forms of a 
biological molecule by the same chemical reaction. 	Normally 
• 	biosynthetic pathways are different, for example D-galactose 
comes from glucose by way of UDP a-glucose, whereas -galactose 
comes by a completely different path from GDP -mannose0 
105. 
SECTION 	D. 
The Structure of a Side Chd Group from Bacterial Colanic Acid. 
I n t r o d u c_t i o n. 
In the General Introduction the necessity for elucidating 
polysaccharide primary structures was emphasised. The work 
described in this Section forms part of an investigation into the 
primary structures of a group of extracellular polysaccharides as 
a starting point for wider physical and biological investigations. 
Like the carrageenans these polysaccharides often occur in the gel 
• 	state. 
Despite the many studies on colanic acid (see General 
Introduction for a definition of colanic acid) little knowledge of 
its structure had been obtained. 	Analysis showed that glucose: 
glucuronic acid:fucose;galactose were present in the approximate 
molar ratio 1:1:2:2 23, and partial acid hydrolysis led to the 
identification of the aldobiuronic acid 3-0- p -D-glucuronosyl-- 
galactose 83 
	The production of colanic acid by E. Col. K12 
strains has been investigated and indicates control by a regulator 




some non-mucoid strains 
could be converted to polysaccharide synthesis . It was shown 
recently that under suitable cultural conditions a polysaccharide 
containing the same sugar units as colanic acid may be synthesised 
by/... 
I 
Fig. 6. Methanolysis products of the methylated polysaccharide from E. coli S53, on g. 1. c. The 
derivatives present are: 2, 3  -di -O-methylfucosides (peaks 1, 2 and 3); 2, 4, 6-tri-0-methyl-
glucosides (peaks 4 and 7); 2, 4, 6 -tri-O-methylgalactosides (peaks 5 and 6); Z-O-methylfucosides 
(peaks 5 and 6); 2, 3 -di -O-methylglucuronoside methyl esters (peaks 8 and 9); 4, 6-0-(l'-.methoxy-
carbonylethylidene)_2, 3-di --methylgalactosides (peak 10). 
106. 
by many species of Salmonella and many 	
85 
. Coli strains 	. 	A 
knowledge of the structures of these polysaccharides together 
with the accumulated knowledge on genetic control should provide 
a useful system for the study of polysaccharide biosynthesis. 
A structural study was therefore initiated on a group of 
extracellular polysaccharides with analyses, similar to colanic 
acid. 	The most detailed investigations were of the slime 
polysaccharide from E. Coli K12 (S53). 	The other poly- 
saccharides investigated were the capsular polysaccharide from 
E. Coil K12 (S53) and the slime polysaccharides from E. Coli 
K12 (561), Aerohacter Cloacae NCTC 5290, Salmonella typhvmurium 
SL1543 and Klebsiella aeroqenes (1.2 strain). 	On the basis of 
methylation analysis and 	elimination together with periodate 
oxidation studies, and partial characterisation of oligo-
saccharides from the partial acid hydrolysis of native and 
carboxy1-redued polysaccharides, the repeating unit hexa-
saccharide shown in the General Introduction (VI) was proposed 22 
Essentially the same polysaccharide was synthesised by all the 
bacteria except Kiebsiella, and all the polysaccharides except 
- Klebsiella were shown to contain an acid labile end group, but 
this was never characterised 19 
The unidentified compcnent 'X (viii) was first detected 
after methanolysis of the polysaccharide methyl ether followed 










was confirmed as acid labile by comparison of the yields 
after methanolysis and acid hydfolysis of the methylated poly-
saccharide. 	After remethylation, the retention time of the 
corresponding peak on g.1.co was unchanged, thus "X" was shown 
to be already fully mthylated, indicating that its position in 
the polysaccharide was on chain ends. 	The isolation of 
2-0-methylfucose' 2 and the substantial quantities of 'tX" 
confirmed a branched structure for the polysaccharide with 'X 
as the terminal residues. 	The native polysaccharide was 
carboxyl-esterified then fragmented by treatment with sodium 
methoxide in methanol when a secc..d unidentified component "C" 
was detected. 	By methylation, C was converted into X, thus 
showing that C and X are corresponding compounds in the native 
and methylated polysaccharides respectively. 	Further information, 
derived from the treatment with sodium methoxide, was the appear-
ance/..* 
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ance of ultra-violet absorption bands suggesting 
/19 
-elimination at 
the glucuronate residuesa 	This interpretation was supported by 
the loss of glucuronic acid residues shown by hydrolysis of a 
polymeric fraction of the product. 	All the evidence would there- 
fore point to the presence, in the polysaccharide ester, of side 
chains with the end group C joined to glucuronic acid, galactose, 
and finally to a fucose branch point (repeating unit VI, General 
Introduction). Although the characterisation of C was attempted 
and a partial structure was postulated, further investigation was 
necessary. 	The work presented for this section has shown that 	C 
is in fact a known compound with the structure already given 
(VII General Introduction), and that much of the previous evidence 
is incorrect. 
The polysaccharide was supplied by Dr. I.W. Sutherland of 
the Department of Bacteriology, Edinburgh University. Contamina-
ting protein was removed by enzymic digestion, and the poly-
saccharide was esterified with diazomethane to facilitate 
rethylation in non-aqueous solvents, then methylated. 	Methan- 
olysis was used to fragment the polysaccharide because of the 
earlier-mentioned acid-labile nature of X, and the methods of 
isolation and separation using silica gel chromatography, were 
essentially the same as developed earlier. 	One of the anomers 
was obtained crystalline. The anoers were characterised by 
n.m.r., infra-red, and mass spectrometry, and also by chemical 
methods. 
109. 
Experimental. 	 - 
EXPERIMENT 20 
The Isolation and Purification of the oi and _i Anorners of 
4.6-0- (i' Methocarhonylethvlidene)-2,3,-di-0-MethYlD-GalaCtOse 
from the S53 Slime Polysacharide. 
( 1) Removal of Protein from the Polysaccharide. 
The polysaccharide (30 g.) in Srensen phosphate buffer 
(0.1M, pH 7.6, 5l was incubated with trypsin (Sigma Chemical Co., 
0.02 g.) for 2 days at 35
0  • 	The solution was adjusted to pH 6.5 
with solid sodium hydrogen phosphate before addition of EDTA 
(1.2 g.), cysteine (2.5 g.), and papain (Sigma Chemical Co. 
0.02.g.), and further incubation for 2 days at 35 ° . 	The solution 
was dialysed against running tap water (4 days) and passed through 
an ion exchange column (1R120, H+  form, 300 ml. bed volume) before 
evaporation to small volume and freeze-drying (yield 17.5 g.). 
( ii) Carboyesterification of the polysaccharide. 
The polysaccharide (17.5 g.) was dispersed in ether (1 1.) 
and excess of ethereal diazomethane was added at room temperature. 
After 48 hr. the solvent and reagent were removed on the rotary 
evaporator, and the residue was dissolved in water and freeze-
dried. 
(iii) 	ethylation of the Polysaccharide. 
Some of the esterfied polysaccharide (4 g.) was dissolved 
in -methyl-2-pyrro1idone (400 ml.) with warming. 	To the cooled 
solution/... 
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solution was added methyl iodide (20 ml.) in N-methyl-2-
pyrrolidoné (40 ml.). 	Barium hydroxide octahydrate (40 g) was 
then added at 00, and the mixture was shaken for 2 hr. at 0
09 
then for 20 hr. at room temperature. The solution was again 
cooled to 00, and glacial acetic acid (4 ml.) was added to 
destroy excess barium hydroxide octahydrate. 	The solution was 
diluted with water, dialysed against running tap water (3 days), 
and freeze-dried (3.6 g.). 	Methylation was judged to be 
complete by the absence of 0-H stretching bands in the infra-red 
spectrum. 
( iv) Control Experiment to find Optimum Methanolysis Conditions  
for the Yield of 1(etal Residues. 
Methylated polysaccharide (0.10 g.) was suspended in 
methanolic hydrogen chloride (20 ml.), and mixed with an 
equilibrium mixture. of methyl 4,6-di-0-methy1--ga1actosides 
(2.5 mg.) as the internal standard for quanitative g.1.c. 
Samples were removed after refluxing for various periods of 
time, and, after neutralisation of each with silver carbonate 
and filtration, therelease of the ketal residue was estimated 
from relative peak heights on gOl.cb (Column C). 	The results 
(see below) suggested that the best yield was obtained after 
4hr. 
/. . S 
111. 
Production of methyl 4,6-0-(l' methoxycarbonylethyledeneI-2,3-dj 




Peak heiohts measured from chart Lm.i 
Ketal -4 2 6-di-0-Methyl- Ratio galactoside 
1 1.80 7.40 0.240 
2 3.20 8,70 0.370 
4 3.60 9.60 0.375 
8 2.85 7.85 0.363 
24 3.20 9.00 0.355 
( v) Isolation of methyl 46-0-(1' rnethoxycarbonylethylidene)-2) 
di-0-methyl- gL and A -D-qalactopyranosictes. 
Methylated polysaccharide (3 g.), suspended in methanolic 
hydrogen chloride (300 ml.), was heated under ref lux.for 4 hr. 
The solution was cooled, neutralised with silver carbonate, 
filtered, and evaporated to 25 ml. for application to a silica 
gel column (36 cm. x 4 cm. diem.) previously equilibrated with 
ether. 	Elution was with absolute ether (2 1.) followed by L1L' e4roLeu 
6. 
r-benzene (3:1 v/v. ) 2 1.) and then chloroform (2 1.) with 
fractions (50 ml.) collected automatically and monitored by 
g o itc o on column C. 	The column resolved the kotal peak .ntc 
two ..omponents, presumably the anomeric glycosides, having 
retention times relative to methyl tetra-0-methyl ,P -glucoside, 
4,05 and 4.25. 	The fractions which contained ketal glycosides 
were combined and evaporated to dryness (0.32 g.). 	Small 
amounts/..e 	 - 
/ 
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amounts of 2,3-di-Q-rnethylfucoside contaminants were present and 
the mixture was therefore rerriethyiated with silver oxide and 
methyl iodide in dimethylformamide 
64,  and rechromatographed on 
silica gel in the same way when the 2,3,4 1 -tri-Q-methylfucosides 
were easily removed. 	The ketal glycosides were themselves partly 
resolved and were designated B (the faster moving on g.1.c.; 
0.05 g.) and A (0.180 g.). 	A mixed fraction (0.03 g.) was also 
obtained. 	The fraction B crystallised and was recrystallised 
from carbon disulphide, m.p. 107-8 ° , 	d.J D.  -1.000 (C 0.9, in 
• 	chloroform). 	(Found: C, 50.66; H, 732; C13H2208 requires 
C, 50.98; H,'7.18%). 	Fraction A remained a syrup- [ OLI + 81.5% 
(C 0.4, in chloroform). 
• 	 In earlier work, similar treatment of the slime poiy- 
sacharide from E. Coli K12 (S61) had given the same two 
21 0 compounds 	; the crystalline product had m.p. 108-110 and did 
not depress the m.p. of fraction B. 
Confirmation, that A and B were anomeric glycosides was 
that each was converted to the same equilibrium mixture, as shown 
by g.l.c. on column C, when treated with methanolic hydrogen 
chloride (3% at 100° for 5 hr.). 	The optical rotations suggest 
that the OL configuration may be assigned to A, and the 
• 	configuration to B, if the parent sugar is in the -seric. 
EXPERIMENT 21 
Experiments to Characterise the Glycosides. 




Fig. 7. N. m. r. spectrum, at 100 MHz in benzene solution, 
of methyl 4, 6-0 -( -methoxycarbonylethylidene)-
2, 3 -di -0-methyl-P-2-gala ctopyrano side. 
Assignments of the sugar ring protons are labelled; 
for assignment of the methyl group singlets, see text. 
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( 1) (a) Infra-red spectroscopy. 
Infra-red spectra were measured for both A and B ( 
in chloroform with 0.5 mm. liquid cells). 	The Perkin-Elmer 237 
infra-red spectrometer was used. 
(h) Nuclear magnetic resonance spectrosco py. 
N.m.r. spectra were recorded with the Varian HA-100 
(100 MHz) spectrometer with tetrarnethylsilane as internal standard. 
The solvents used were benzene, deuteriochloroform,  
carbon disulphide, and carbon tetrachloride. The spectrum in 
benzene is shown (Fig. 7). 
/ 	
V 	 (c) Mass spectroscopy. 	V 
Mass spectra were recorded with the AEI-MS9 double 
focussing mass spectrometer. 	For accurate mass measurements the 
internal standard was heptacosafliorotributylamine (C 4F9 ) 3N. 
The high mass peaks and their relative abundance are shown in 
Fig. 8. 	 - 
( ii) Formation of derivatives for N . IA. R. and I.R.  
(a) Reduction of A. 
To the compound A (0.100 g .) in redistilled tetra-
hydrofuran (20 ml.) was added lithium aluminium hydride (0.100 g.) 
and the mixture was allowed to stand at room temperature for 8 hr. 
then boiled under reflux fc 4 hr. 	After destruction of excess 
reagent with ethyl acetate, and precipitation of inorganic salts 
by the minimum of water, the syrupy product after filtration and 
evaporation was dissolved in chloroform, washed with water, and 
dried over sodium sulphate' (R). 
(b) /... 
Fig. 8. Mass spectrum of methyl 4, 6 -0-(1'-methoxycarbonyl_ 
ethylidene)_2, 3 -di -O-m ethyl - -D-galactopyranoside. 
For the interpretation, see Fig. 9. 
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(b) Acetylatio. of (RI. 
The syrupy product was acetylated in acetic anhydride-
pyridine. (2:3 V/V. 15 ml.) at 100
0  for 2 hr. 	After removal of 
reagents by evaporation, the acetate was dissolved in chloroform 
and washed with aqueous copper sulphate, aqueous sodium carbonate, 
then water, and dried over sodium sulphate CM). 
(iii) Chemical Experiments. 
(a) Demethylation. 
The crystalline material (10 mg,), in dry dichioro-
methane (2 ml.) was cooled in a mixture of acetone and solid 
carbon dioxide before addition of boron triciloride (1 g.) which 
86 
had been pre-cooled in the same way • After 30 minutes in 
this bath, the mixture was allowed to warm to room temperature 
and kept under anhydrous conditions, for 16 hr0 befOre evaporation 
to dryness and repeated distillation of Methanol from the residue. 
Analysis by paper chromatography (solvent C, spray 1) showed 
galactose as the only product. 
(h) Acid Hydrolysis. 
A sample of compound A-(35 mg.) was heated at 1000 
in N sulphuric acid (5 ml.) for 5 hr. 	The solution was cooled 
before neutralisation with aqueous barium hydroxide (0.3j), 
filtration, and evaporation to small volume; paper chromato-
graphy (solvent D) with the Q-phenylenediamine-trichloroacetic-
acid spray (spray 2) showed a spot 
87  with the same mobility and 
colour as barium pyruvate. 	The solution was treated with cation 
exchange resin. 	(Amberlite 1R120 H + form) and extracted with 
ether,!... 
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ether. Evaporation of the ether gave pyruvic acid which with 
redistilled phenyihydrazine, gave the phenylhydrazone m.p. 
183-5° , mixed m.p. 185-7° . 	Analysis of the aqueous layer by 
paper chromatography (solvent B, Spray 1) showed a spot with the 
same mobility as 2 9 3-di-0-methylgalactose. 	Evaporation to 
dryness followed by treatment under reflux with ethanol (5 ml.) 
containing redistilled aniline (0.05 ml.) gave 2 1 3-di-0-methyl-- 
° phenyl--alactosamine, m.p. 145-7, mixed m.p. 149_1510. 
116. 
c u s s 1 o n. 
No hydroxy absorption was observed in the infra-red spectrum 
of either A or B, but each showed a strong carbonyl absorption at 
1743 cm. 	to indicate an ester function, or possibly a cyclic 
ketone. 
The n.m.r. spectra for A an,-1 B were similar and consistent 
with the conclusion that they differed Only in configuration at 
C-i. 	The best spectrum was for B in benzene (Fig. 7) and 
detailed information about coupling constants is given for this 
spectrum, as benzene was the solvent from which most information 
was obtained. 	Interpretation isbased upon the assumption that 
the compound contains 22 protons to fit the molecular formula 
suggested by mass spectrometry (see below). 
( 
1) A singlet at 8.42w corresponding to 3 protons, was 
assigned to a C-methyl group which must be attached to a quaternary 
carbon atom. 
( 
ii) Two singlets at 6.62 	(6 protons) and 5.65' (3 protons) 
were assigned to three methoxy groups, presumably representing two 
methyl ethers and a glycosidic methyl group. 
(Iii) A singlet corresponding to 3 protons at 6.40 	. 	This 
was shown to be a methyl ester by the following experiments 
performed on the reduced glycoside (R, see Exp. 21, (ii),(a)) 
and its acetate (M, see Exp. 21 (ii), (b)). 	 A 
The n.m.r. spectrum of R showed no peak at 6.40' , but a 
characteristic/... 
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characteristic broad singlet at 7.30 	, corresponding to a 
hydroxy proton. 	The infra-red spectrum showed the disappearance 
of the carbonyl band at 1748 cm.- 
I  with appearance of OH 
absorption at 3400 cm.- 
1. 
	All this points to the conversion 
-COaCH3 to -CH2OH by lithium aluminium hydride. 
The n.m.rs spectrum of M showed a new singlet at 7.90t , 
corresponding to one acetoxy group, with disappearance of the 
signal at 7,30 	. 	The i,r. spectrum likewise showed replace- 
ment of hydroxyl absorption (3400 cm.) by ester (1725 cm.). 
( iv) A system of seven protons which, although forming a rather 
complex pattern, could be individually assigned by spin decoupling 
- to the protons of the sugar ring (Fig. 7). The conclusions were 
checked, as far as possible, using the spectra recorded in other 
solvents. 
The H-i signal was recognised by its appearance at 
lowest field, 5.90'r 	It was a doublet with 11,2 	7.5Hz, 
consistent only with axial protons at - H-1 and H-2 on a pyrano-
side ring. 
The H-2. signal., recognised by being coupled to H-i, was 
a quartet at 6.36? with J 223 = 9.0 Hz, showing that H-3 is 
also axial. 
H3 at 6.98t , showed 	3.5 Hz and thus tt 
H-4 is equatorial. 
H-4 9 at 6.07t 	showed 14,5  lHz, which gives no 
basis for assignment of configuration at C-5. 
H-5 was a complex muitiplet at 7.47 Y 
f ' / j /... 
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(f) The two H-6 protons appearing as a multiplet at 6.18w, 
were coupled with each other, withj = 7.5 to 8.0 Hz. 	This 
means that bond rotation about C-5 ---- C-6 must be prevented in 
some way. 
The mass spectra of A and B were identical, as would be 
expected for anomers. 	The peaks corresponding to highest mass 
were /e 306.13412 (C 13H2208 ) and 305.12447 (C13H2108 ) which 
could be assigned to M (parent ion) and M-1 respectively. Taking 
this molecular formula with the n.m.r. evidence the following 
structure would seem to be the only one possible (VIII). 	The 
abundant peaks in the high mass region could be explained on the 
basis of this structure by analogy with pathways already proposed 
for isopropylidene ketals 
88  (Fig. 9). The step 	247—k 187 
was confirmed by a metastable peak. The breakdown is evidently 
dominated by the ketal ring. 
The combined structural evidence is consistent only with the 
structural formula (viii) for B and the corresponding 	glycoside 
for A. 	(The necessity for the 4,6-ring fixes the stereochemistry 
at C-5 which was the only ambiguity from the r.m.r. spectrum). 
The results from the chemical experiments are entirely 
consistent with the above structures. Demethylation shows that 
A and B are indeed derivatives of galatose, while the identifi- 
cation, after hydrolysis of 2,3-di•-methyl--galactose and pyruvic 
acid confirm the sites of attachment of the ketal to the sugar 
ring. 
89 
The same pyruvic acid ketal occurs in agaropectin 	and in 
CornybacterhinV,.. 
119. 
Corrybacterium inisiosum polysaccharides 90,  and the corresponding 
glucose ketal is an end group in Xanthojgas camRestris poly- 
01 
saccharide ' . 	The configuration at the quaternary carbon usually 
corresponds to an equatorial C-methyl 92,  and this arrangement is 
assumed in the formula given here. Pyruvic acid, presumably in 
the form of ketal, is also a constituent of polysaccharides from 
Pseudomonas species, Kiebsiella rhinoseleromatis, and many 
90 
Xarithomonas species 
The earlier work 
19  was unsuccessful in characterising A and 
B, mainly for two reasons. 	When the n.m.r. spectrum was taken, 
six large singlets each corresponding to 3 protons were observed. 
One peak was assigned to an ester methoxyl, one to a C-methyl and 
four to ether methoxyl groups. 	It seems likely that this spectrum 
was taken on an impure fraction containing both A and B, as the 
pure anomer contains only three ether methoxyl groups. 
Although the highest peak observed in the earlier mass 
spectrum was 2472e., this was not thought to be a molecular ion, 
as methyl glycosides rarely display a detectable "parent" peak. 
Since the largest fragment is usually formed by loss of the 
glycosidic methoxyl group (31 /e), it was thought likely that 
the molGcular weight was 278 i.e. 247 + 31. 	However, as shown 
(Fig. 8), a molecular ion does, in fact, appear at 306 ,/e, and 
the very low relative abundance was probably responsible for the 
failure to detect it. 	Much of the earlier chemical data 
19 
 would 
also seem to be erroneous. 
In conclusion, the previously uncharacterised side chain end 
group/. 
120. 
group from the extracellular slime polysaccharide from E. 	fl 
553 	 -hy"dene'---galactose q L. S been 	 to be A 
either as - a salt or an ester. 	The role of this unit remains 
obscure however, although it could perhaps be involved in the 
control of colanic acid synthesis. 	Thus addition of pyrVrate 
might terminate synthesis of the side chain at the lipid inter-
mediate stage known to be involved in polysaccharide synthesis 93  
The stereochemistry of the end group in the polysaccharides $ 
presumably related in some way to its antigenic activity, and 
therefore the ketal is possibly involved in some way. 
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GENERAL METHODS OF INVESTIGATION 
Removal of Solvents by evaooration. 
Solvents were concentrated under reduced pressure using a 
rotary evaporator with a bath temperature of 50
0 
. 
Isolation of Polvsaccharides. 
Polysaccharides were isolated by freeze drying aqueous 
solutions. 
Carbohydrate contents. 
These were determined by the phenol/sulphuric acid method 94 
using the procedure outlined in reference 46, page 388. 
6-AnhydroQa1actose contents., 
These were determined using Rees's modification 	of 




Polysaccharide solutions were dialysed in dialysis bags, or 
cellophane sheet suitably folded, against running tap water for 
up to 5 days. Toluene was normally added to prevent bacterial 
action. 
Optical rotation. 
These were made at 578 nm., with the Perkin Elmer Model 141 
Polarimeter, using 1 din. g]ss c11s at room temperature. 	The 
solvent and concentration are recorded with the results. 
Drying. 
Samples were left in a vacuum oven overnight at 300  in the 
presence of phosphozusT pentoxide 
122. 
Complete Methanolysis of sugars. 
The material (about 10 mg.) was sealed in a tube with 
methanolic hydrogen chloride (2.6%) and heated at 1000 fi 
16-24 hr. 	The methanolic hydrogen chloride was then neutralised 
by shaking it with solid silver carbonate. 
Methanolic hydrocen chloride. 
A 2.6% solution (w/v.) was made by the careful addition of 
acetyl chloride (5.0 ml.) to methanol (100 ml.), which had been 
dried by the addition of 2,2-dirnethoxypropane (5 ml.). 
MeltinciJpoints. 
These were obtained on a Kofler hot-stage apparatus, and 
are uncorrected. 
Infra-red spectra. 
See page 113 9 Section D. 	Water-soluble sugars were examined 
as thin films between solid sodium chloride plates. 
Proton magnetic resonance spectra. 
These (except . for Section D, see page 113) were recorded 
using a Perkin Elmer RIO (60 MHz) nuclear magnetic resonance 
spectrometer. 
Paper and cellulose column chromatography. 
Unless otherwise stated Whatrnan No, I paper was used for 
qualitative paper chromatography. For preparative paper 
chrotography Whatman 3i filter sheet was used. The following 
solvent systems were used: 
/. . . 
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n-butanol-pyridine-water 	 6: 4:3 
methyl ethyl ketone-water-ammonia (Sc;e 0.88)200:17:1 
• 	(C) ethyl acetate-pyridine-;,a ter 	 10: 4:3 
butan-l-ol-water-propionic acid 	 10: 7:5 
The following detection sprays were used: 
p .Apisidine hydrochloride 
96, 
 The air-dried chrornato-
grain was sprayed with a 3% solution of -anisidine hydrochloride 
• in water-saturated n-butanol, and heated at about 1200  CO-
5 minutes. 
(2) o -Vhenylenediamine 97 The dried filter paper is 
sprayed with a solution of 0.05% 2-phenylenediamine.  in l 
aqueous trichioroacetic acid and heated for 2 minutes at 10000 
If the paper is overheated the whole strip fluoresces. Scots 
corresponding to 	-keto acids are yellow-green and fluoresce 
under ultraviolet illumination, 
Gas-liauid 	orapy. 
This was carried out with a Pye Argon chrornatograph fitted 
with a strontium 90 detector. Retention times (T) were 
calculated relative to the faster of the two methyl 2 5 3,4,6-tetra-
0.-methyl giucopyranoside peaks. 	0911e0}..( 1. samples of the 
materials (unless otherwise stated, in chlorofor solution) were 
examined.. 	The following column peckings were used, 
Polyethylene glycol adipate (15% on Gas Chrom P) at 
175° 
xE60 (3% on Gas Chrom P) at 125 ° 
SE52 silicone oil 	on Gas Chrom P), unless other- 
0 wise stated at 150 
124. 
Hydrolysis. 
Unless otherwise stated hydrolysis was in 45% formic acid 
at 100° for 16 hr. 
Buffer solutions. 
( i) Sorensen phosphate buffer 	, 	 . V 
Stock solutions. 	 V 	 V 
0.2 solution of monobasic sodium phosphate 
(27.8 y. in 1 1. water) 
0.2M solution of dibasic sodium phosphate 
(53.65 g. of Na2HP04 7H20 or 71.7 g. of 
Na2HP0121 20 in 1 1. water). 
13 ml. of A + 87 ml. of B, diluted to a total of 200 ml., 
gives a buffer of pH 7.6. 	
V 
( ii) 
tris-HCl 99  
Stock solutions. 








50 ml. of A + 38.4 ml. of B, diluted to a total of 200 ml., 
gives a buffer of pH 7.6. 
(iii) Sodiurntetrahorate — L-cysteine hydrochloride 
buffer. 
Solid borax was added to an aqueous solution of 
L-cysteine hydrochloride (o.os) until the desired 
PH was obtained. 	 - 
( iv) /... 
125. 
99 
• ( iv) 13isma1i.e bu ffer 
Stock solutions 
0.2" aqueous solution of tris acid maleate 
(24.2 g. of tris + 19.6 g. of maleic anhydride 
in 1 1.) 
0.21L.1 sodium hydroxide 
50 ml. of A + xml. of B, diluted to a total of 200 ml. 
• 	 12U 
7.0 	• 5.2 
15,5 56 
31,5 6.2 	• 
45.0 68 
51,0 • 	 7.2 
69.0 • 	 8.0 
86.5 	• 8.6 	• 
126. 
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Carrageenans. Part VI.' Reinvestigation of the Acetolysis Products of 
X-Carrageenan, Revision of. the Structure of 'a-1,3-Galactotriose,' and a 
Further Example of the Reverse Specificities of Glycoside Hydrolysis and 
Acetolysis 
By C. J. Lawson and D. A. Rees, Chemistry Department, University of Edinburgh, West Mains Road, Edinburgh 9 
The di, tn-, and tetra -saccharides formed by acetolysis of A-carrageenan and subsequent deacetylation are 
3-0- cz-o-galactopyranosyl-O-galactose. 4-0- 3-o-galactopyranosyl-D-galactose, 0- a-o-galactopyranosyl -(1 -*3 
0-(3-D-galactopyranosyl-(1-*4)-D-galactOSe. 0-(3-D-galactopyranosyl-(1-*4)-0-c-D-galactopyranosyl-(1-*3) -  
0-galactose. and 0-a-o-galactopyranosyl- (1 -*3) -0- (3- D-galactopyranosyl- (1 -)'-4) -0- a-o-galactopyranosyl 
(1±3)-D-galactose. The first-named trisaccharide was previously given the wrong structure. 0-rs-D 
galactopyranosyl- (1 -*3) -0- x-o-galactopyranosyl- (1 -*3) -D-galactose. 
These results are consistent with a polymer structure having alternately a-1.3- and 3-1.4-linked 0-galacto-
pyranose sulphate residues. Acetolysis splits the 1.4-linkages preferentially whereas aqueous hydrolysis shows 
the reverse selectivity. 
THE presence of 1,3-linkages and D-galactopyranose 
residues in the potassium chloride-soluble fraction of 
carrageenan was first established by Morgan and O'Neill 2 
who isolated and proved the structure of 3-0--n-galacto-
pyranosyl-D-galactose after acetolysis and deacetylation. 
The isolation of this fragment also suggests that the 
1,3-linkage has the a-configuration, although it is not 
conclusive proof because rapid anomerisation can occur 
under acetolysis conditions. 3 Other products were also 
obtained. Two of these appeared to be the homologous 
tn- and tetra-saccharides 2  but there were none which 
were thought to contain other types of linkage. Some 
of Morgan and O'Neill's results, particularly the evidence 
for the structure of 'O-cL-D-galactopyranosyl- (1 -±3) - 
O-cc-D-galactopyranosyl-(I-*3)-D-galactose', are incom-
patible with our evidence that the potassium chloride-
soluble fractions of carrageenan are sulphated polymers 
Of D-galactopyranose residues linked alternately a - 1,3 
and 13_1,4. 1,4-8 We have therefore reinvestigated the 
acetolysis products and now report a revision of some of 
their conclusions. 
The carrageenan fraction examined by Morgan and 
O'Neill had a low content of combined 3,6-anhydro-
galactose 2  and therefore 7  consisted mainly of X-carra-
geenan. Comparable material was subjected to aceto-
lysis and, after deacetylation, the products were partly 
separated by gradient elution from a charcoal column. 
Analysis of the fractions was greatly assisted by the 
use of a new paper chromatography solvent devised 
especially for the purpose, ethyl methyl ketone—ethanol-
water (9: 1: 2) saturated with boric acid. Two di-
saccharides were obtained: 4-0-(3-D-galactopyranosyl-
D-gaiactose, which was crystalline, and 3-0--D-galacto-
pyranosyl-D-galactose, a syrup which was converted into 
the crystalline osazone. Both were identified by com-
parison with crystalline reference compounds as well as 
Part V. N. S. Anderson, T. C. S. Dolan, C. J. Lawson, A. 
Penman, and D. A. Rees, Carbohydrate Res. • in the press. 
2 K. Morgan and A. N. O'Neill, Canad. J. Chem., 1959, 37, 
1201. 
B. Lindberg, Acta Chem. Scand., 1949, 3, 1153; J. Janson 
and B. Lindberg, ibid., 1960, 14, 877. 
D. A. Rees, Chem. and Ind., 1961, 793. 
6 D. A. Rees, J. Chem. Soc., 1963, 1821.  
by methylation analysis and other methods. The yield 
of 1,3-linked disaccharide was almost five times greater 
than that of its isomer, even though equal proportions 
of the two types of linkage are present in the polymer. 5-7 
It follows that the 1,44inkages are split preferentially by 
acetolysis. When the reaction was allowed to go further, 
it was difficult to detect the 1,4-linked disaccharide at 
all even though substantial amounts of 1 ,3-galactobiose 
remained. It is therefore not surprising that the former 
product was missing in earlier work. 2 
Two trisacchanides were eluted together from the char-
coal column. They were separated by celluose column 
chromatography using an adaption of the solvent system 
already mentioned. One was crystalline and its physical 
constants and those of the crystalline acetate were close 
to the values reported by Morgan and O'Neill for the 
compound to which they assigned the structure ' 
galactotriose', O--D-galactopyranosyl-(1—.3)-O-c-D-gal-
actopyranosyl-(1--±3)-n-galactose, and we therefore be-
lieve it to be the same compound. However, analysis 
by g.l.c. after methylation and methanolysis, and by 
paper chromatography after methylation and hydrolysis, 
showed approximately equal proportions of 2,3,6-tri-0-
methylgalactose, 2,4,6-tri-0-methylgalactose, and 
2,3,4,6-tetra-0-methylgalactose or their derivatives. 
Only the last two methyl ethers were observed when the 
trisaccharide was examined similarly after boroliydride 
reduction. Assuming that the linkage configurations 
are the same as in the corresponding disaccharides, and 
since the optical configurations of the galactose residues 
have been established, 6 ' 7 ' 9 the structure is O--D-galacto-
pyranosyl-(1-±3)-O-(3-D-galactopyranosyl-( 1 -±4)-D-galac-
tose. When treated with lime water under conditions 
for alkaline ' peeling', the trisaccharide behaved as 
expected on the basis of this structure. Degradation 
was much slower than for the galactobiose and other 
(see below) oligomers having a 3-linked reducing sugar 
8 T. C. S. Dolan and D. A. Rees, J. Chem. Soc., 1965, 3534. 
N. S. Anderson and D. A. Rees in 'Proceedings of the 5th 
International Seaweed Symposium.' eds. E. G. Young and J. L. 
McLachlan, Pergamon. 1966, p.  243. 
8 D. A. Rees, Ann. Reports, 1965, 62, 469. 
8 D. B. Smith, A. N. O'Neill, and A. S. Perlin, Canad. J. 
Chem., 1955, 33, 1352. 
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residue, and the products included 3-0--D-galacto-
pyranosyl-D-galactose but not 4-0- 3-D-galactopyranosyl-
D-galactose. The trisaccharide is reported to reduce 
4 mol. of periodate very rapidly with formation of 2 mol. 
of formic acid; this is also consistent with our structure. 
Morgan and O'Neill's remaining evidence was that 
3-0-a-D-galactopyranosyl-D-galactose appeared to be 
the only disaccharide product of partial hydrolysis. We 
have found that the ce-1,3- and 3-1,44inked disaccharides 
are not separated in the paper chromatography solvents 
that they used and evidence given below suggests that 
the 1,4-isomer would be the major product. 
The second trisaccharide was 0-3-D-ga1actopyranosyl-
(1-.-*4)-0-a-D-galactopyranosyl-(1--.3)-D-galactose. Only 
one tetrasaccharide was detected, which was 0-cc-D-
galactopyranosyl-(1 --3)-0-3-D-galactopyranosyl-( 1-.4)-
0-ct-D-galactopyranosyl-(1--.3)-D-ga1actose. Both struc-
tures were proved by methods similar to those for the 
first trisaccharide. All the acetolysis products are 
therefore consistent with a polysaccharide structure 
having alternately a-1,3- and -1,44inked galactose 
residues. 
The absence of a second tetrasaccharide, 0- 13-n-
galactopyranosyl-(1 -*4)-0-c-D-galactopyranosyl-(1 -'.3)-
0-13-D-galactopyranosyl-(1- ~4)-D-galactose, confirms the 
selectivity of acetolysis inferred from the disaccharide 
yields. The action of aqueous acid was compared 
using desulphated polysaccharide  to avoid complications 
arising from the relative stability of some sulphate esters 
to aqueous hydrolysis. 10 The 1,3-linkage was found 
to be split so much more rapidly than 
the 1,4 that 3-0-x-D-galactopyranosyl-D-galactose 
could not be readily detected as a product. Either of 
the disaccharides may therefore be isolated conveniently 
from carrageenan, simply by choosing the appropriate 
method for cleavage. Neither is readily available from 
other sources. Several other examples are known of 
the different selectivities of acetolysis and aqueous 
hydrolysis. The 1,64inkages in dextran 11,12  and yeast 
mannan 13,14  are hydrolysed less rapidly than the co-
occurring linkages but acetolysed more rapidly. Certain 
deoxyhexosyl linkages are more labile to hydrolysis than 
co-occurring hexosyl linkages but are more stable to 
acetolysis. 15' 16 The more rapidly hydrolysed linkage 
in cellotriose is nearer the nonreducing end, but this is 
the more stable to acetolysis. 17 It is known that hydro-
lysis often proceeds by way of a cyclic carbonium ion 18 
but unfortunately the mechanism of acetolysis is un-
known and it would therefore be premature to attempt 
an explanation of the differences. Almost certainly, 
10 D. A. Rees, Biochem. J., 1963, 88, 343. 
11  J R. Turvey and W. J. Whelan, Biochem. J., 1957, 67, 49. 
12 K. Matsuda, H. Watanabe, K. Fujimoto, and K. Aso, Nature, 
1961, 191, 278; I. J. Goldstein and W. J. Whelan,  J. Chem. Soc., 
1962, 170. 
13 s Peat, W. J. Whelan, and T. E. Edwards, J. Chem. Soc., 
1961. 29. 
14 S. Peat, J. R. Turvey, and D. Doyle, J. Chem. Soc., 1961, 
3918, Y. -C. Lee and C. E. Ballou, Biochemistry, 1965, 4, 257. 
15 G. 0. Aspinall, A. J. Charison, E. L. Hirst, and R. Young, 
J. Chem. Soc., 1963, 1696; R. Kuhn, I. Low, and H. Trisch-
mann, Chem. Ber., 1955, 88, 1492.  
anomerisation under acetolysis conditions involves an 
acylic intermediate which results from attack of the 
acylium ion on the ring oxygen but it seems that aceto-
lysis can occur by a pathway which is quite distinct 
from this. 3 It is very likely that acetolysis proceeds 
mainly by way of the protonated glycoside but there is 
no information to suggest the important site of proton-
ation nor whether there is any nucleophilic assistance in 
forming the transition state. 
EXPERIMENTAL 
General.—The liquid phases for g.1.c. were (A) poly-
ethylene glycol adipate (15% on Gas Chrom P) at 175° 
and (B) XE-GO (3% on Gas Chrom F) at 125 0, in 4 ft. 
columns in the Pye Argon Chromatograph fitted with a 
90Sr detector. Retention times (T) are quoted. relative to 
the faster of the methyl 2,3,4,6-tetra-0-methylglucoside 
peaks; values given in parentheses are for peaks which are 
incompletely resolved and therefore assigned to more 
than one component. For paper chromatography, the 
solvents were (A) butanol-pyridine-water (6: 4: 3), (B) 
ethyl methyl ketone-ethanol-water (9: 1 : 2), saturated 
with boric acid, and (C) ammonia (d 0.880)-water-ethyl 
methyl ketone (1: 17 : 200); the spray reagent was 
anisidine hydrochloride.  19 Zone electrophoresis using sod-
ium tetraborate buffer (0-1 m, pH 10) was in a commercial 
apparatus with cooling plates at 10 v/cm. (70 MA). The 
optical rotations of syrups are based on concentrations 
determined by the phenol-sulphuric acid method 20  using 
a calibration graph for galactose. 
A cetolysis of the Potassium Chloride-soluble Fraction of 
Carrageenan and Separation of the Products on Charcoal.—
A sample of the batch of polysaccharide used earlier (45 g.) 6 
was dried at 50° in vacuo for 24 hr., then added over 30 mm. 
with stirring to a mixture of acetic anhydride (250 ml.), 
acetic acid (180 ml.), and concentrated sulphuric acid 
(25 ml.). After shaking for 96 hr. at 20°, the solution was 
clarified on a centrifuge and mixed with ice-cold water 
(2.5 1.). Sodium hydrogen carbonate was added until the 
suspension was neutral to congo red test paper. After 
filtration, the solution was extracted with chloroform 
(3 x 500 ml.) and the precipitate was added to the combined 
chloroform extracts which were filtered, dried over sodium 
sulphate, and then evaporated to dryness to give themix-
ture of oligosaccharide acetates (35.4 g.). 
Deacetylation was by dissolving in a mixture of methanol 
(350 ml.) and 2,2-dimethoxypropane (20 ml.), followed by 
addition of predissolved sodium (06 g.) in dry methanol 
(120 ml.) and stirring for 20 hr. at 5°. Water was added 
to dissolve the precipitated oligosaccharides and the 
solution was passed through a resin column (Amberlite JR 
120, HI form), filtered, and concentrated to dryness (20 g.). 
The i.r. spectrum showed the absence of ester carbonyl. 
Paper chromatography (solvent A) showed products with 
R ga i 1'00 (galactose), 068 [disaccharide(s)], 045 [trisacchar- 
16 G. 0. Aspinall and J. Baillie,  J. Chem. Soc., 1963, 1702. 
17 M. S. Feather and J. F. Harris, J. Amer. Chem. Soc., 1967, 
89, 5661. 
18 E. L. Eliel, N. L. Allinger, S. J. Angyal, and G. A. Morrison, 
Conformational Analysis,' Wiley, New York, 1965. 
19 L. Hough, J. K. N. Jones, and W. H. Wadman, J. Chem. 
Soc., 1950, 1702. 
20 M. Dubois, K. A. Gilles, J. K. Hamilton, P. A. Rebers, and 
F. Smith, Analyt. Chem., 1956, 28, 350. 
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ide(s)], 0•31 [tetrasaccharide(s)], 025 [pentasaccharide(s)], 
and 0'19 [hexasaccharide(s)]. 
The mixture (11 g.) was applied to a charcoal-Celite 
column (3 parts of May and Baker's' Charcoal for Decolour-
ising' to 2 parts of Celite; total bed volume 28 1.) and 
eluted with a linear gradient of 0-25% ethanol over 50 1. 
Fractions (50 nil.) were collected automatically and analysed 
for carbohydrate by the phenol-sulphuric 'acid method; 20 
selected fractions were also evaporated and examined by 
paper chromatography. They were combined as appro-
priate to give the following products which were isolated 
by evaporation to dryness. Finally, the column was 
stripped by elution with 10% aqueous ethyl methyl ketone. 
Fraction 1. The syrup (1.69 g.) was shown by paper 
chromatography to contain galactose with a trace of xylose. 
Fraction 2. The syrup (1.48 g.) was chromatographically 
and electrophoreticallj pure, MG  067, R gai (solvent A) 
062, 'Rga ' (solvent B, after double development on 
Whatman No. 4 paper, 2 x 24 hr.) 046 [o]u + 160° (c 155, 
water). Borohydride reduction diminished the phenol-
sulphuric acid colour 20  by 53%, showing the substance to 
be a disaccharide. Hamilton's procedure 21  yielded the 
osazone, m.p. 234-236°, undepressed when mixed with 
authentic 3-0-c-n-galactopyranosyl-u-galactosazone kindly 
supplied by Professor W. T. J. Morgan. 22  A sample (20 mg.) 
was dissolved in a mixture of dimethylformamide (0.5 ml.) 
and dimethyl sulphoxide (05 ml.) and methylated with 
dimethyl sulphate and barium hydroxide octahydrate. 6 ' 23 
Hydrolysis with 45% aqueous formic acid at 100° for 16 hr. 
followed by paper chromatography in solvent C showed 
2, 3,4,6-tetra-O-methylgalactose and 2,4,6-tri-0-methyl-
galactose only. Methanolysis (3% methanolic hydrogen 
chloride in a sealed tube at 100 ° for 16 hr.) followed by 
neutralisation with silver carbonate and analysis by g.l.c. 
showed (Column A) T = 1•72, 310, and 406, and 
(Column B) T = 1•72, 310, and 3'35. The first 
peak corresponds, in each instance, to methyl 2,3,4,6-
tetra-0-methylgalactosides; the other two correspond 
to methyl 2,4,6-tetra-0-methylgalactosides. 
Fraction 3. The syrup (0.31 g.) contained a substance 
with MG 056, R 8.i (solvent A) 062, 'Rgai' (solvent B, 
double development as above) 039, slightly contaminated 
with material from Fraction 2. Slow evaporation of a 
solution in 80% aqueous ethanol gave crystals which, 
after recrystallisation from the same solvent, had m.p. 
195-197 0, undepressed when mixed with authentic 
4-0-3-n-galactopyranosyl-D-galactose kindly supplied by 
Professor G. 0. Aspinall. 24 Further recrystallisation raised 
the nip. to 200-202° (for summary of lit, values, see Hay 
and Gray. 25 ), +62° (c 2•3 in water). Methylation 
followed by chromatography as above showed 2,3,4,6-
tetra-0-methylgalactose and 2,3, 6-tri-O-methylgalactose or 
their derivatives only [Column A: T = 172 (tetra-O-
methylgalactosides), 285, 354, 3'75, and 412 (2,3,6-tri-0-
methylgalactosides); column B: 1'72 (tetra-O-methyl-
galactosides), 255 and 346 (2,3,6-tri-0-methylgalacto- 
sides)]. 
Fraction 4. The syrup (1.10 g.) had []D  +135* (c 0.1, 
water). It was shown to be a mixture by electrophoresis 
and by chromatography in solvent B: MG 017 and 052, 
Rgai 0'44 (solvent (A. The optical density in the phenol- 
21 R. H. Hamilton, J. Amer. Chem. Soc., 1934, 56, 487. 
" T. J. Painter, W. M. Watkins, and W. T. J. Morgan, Nature, 
1962, 193. 1042. 
23 R. Kuhn and H. Trischmann, Chem. Ber., 1963, 96, 284. 
sulphuric acid reaction 20  was diminished by 36% after 
reduction with borohydride, showing the average degree of 
polymerisation to be about 3. The mixture (5 mg.) was 
dissolved in saturated calcium hydroxide solution (05 ml.) 
and left in an atmosphere of nitrogen, then treated with 
Amberlite resin (IR 120, H form) and examined directly 
by paper chromatography in solvent B. Control experi-
ments showed that 4-0-3-D-galactopyranosyl-D-galactose 
survived this treatment, at least in large part, whereas 3-0--
D-galactopyranosyl-D-galactose was almost completely 
degraded. The faster-moving component of the tn-
saccharide mixture was found to have disappeared with the 
formation of substantial amounts of 4-0--n-galactopyrano-
syl-D-galactose; it is therefore tentatively assigned the 
structure O-3-D-galactopyranosyl-(1-*4)-O--D-galacto-
pyranosyl-( 1-4.3)-n-galactose. The slower-moving com-
ponent on the paper chromatogram was much more stable 
to the alkaline conditions; a little of this was obtained pure 
from later column fractions and crystallised from aqueous 
ethanol (m.p. 218-220°, see also below). Examination of 
the pure material confirmed the stability to alkali and 
showed that the only disaccharide product of its eventual 
degradation was 3-0-a-D-galactopyranosyl-D-galactose, in 
trace amounts as expected. It is therefore tentatively as-
signed the structure O-tx-D-galactopyranosyl-( 1->3)-O-)3-D-
galactopyranosyl-( 1-±4)-u-galactose. The separation and 
further characterisation of this fraction is described below. 
Fraction 5. The syrup (1.40 g.) had [a] D  + 160° (c 20, 
water) and was chromatographically and electrophoretically 
pure; M0 027, R g ,i 0'31 (solvent A), only one slow moving 
spot in solvent B (2 x 40 hr. on Whatman No. 4 paper). 
The optical density in the phenol-sulphuric acid reaction 20 
was diminished by 27% after reduction with borohydride, 
showing the average degree of polymerisation to be about 4. 
A sample (5 mg.) was dissolved in saturated calcium hydr-
oxide solution and left at room temperature in an atmosphere 
of nitrogen for 24 hr. After addition of Amberlite JR 120 
resin (H+  form), paper chromatography (solvent B) showed 
O-a-n-galactopyranosyl-( 1-.3)-O-3-o-galactopyranosyl-
(1-..4) -D-galactose and traces of 3-0-a-o-galactopyranosyl-
D-galactose. The isomeric di- and tn-saccharides were not 
observed. Methylation with silver oxide and methyl iodide 
in dimethylformamide 20 (twice), followed by hydrolysis 
and paper chromatography (solvent C) and by methanolysis 
and g.l.c. showed 2,3,4, 6-tetra-O-methylgalactose, 2,3,6-tn-
0-methylgalactose, and 2,4,6-tri-0-methylgalactose or their 
glycosides respectively. There were no other products. 
[Column A: T = 1'72 (tetra-O-methylgalactosides), 286, 
3.54, (3.75, (4.12) (2,3,6-tri-0-methylgalactosides), (3.75), 
(4.12) (2,4,6-tri-0-methylgalactosides). Column B: T = 
1'72 (tetra-O-methylgalactosides), 255, (3'40) (2, 3,6-tri-O-
methylgalactosides); 310, (340) (2,4,6-tni-0-methylgalacto-
sides)]. A further sample (20 mg.) was reduced with sodium 
borohydride (20 mg.) in water (1 ml.) for 24 hr., and then 
treated with Amberlite resin (IR 120, H form). The solu-
tion was evaporated to dryness and methanol was distilled 
several times from the residue, which was then methylated 
and examined as before. Qualitatively, the pattern of 
products was the same except that a penta-O-methyl-
galactitol (T = 2.55) was detected by g.l.c. using column A; 
24 G. 0. Aspinall, I. W. Cottrell, S. V. Egan, I. M. Morrison, 
and J. N. C. Whyte, J. Chem. Soc. (C), 1967. 1071. 
25  J B. Hay and G. M. Gray, Biochem. J., 1966, 100, 33C. 
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quantitatively, however, the proportion of 2,4,6-tri-0-
methyl ether was very much diminished. 
Fraction 6. The syrup (3.22 g.), which included material 
(2.50 g.) eluted with aqueous ethyl methyl ketone, was shown 
by paper chromatography to contain penta- and higher 
saccharides. It was not examined further. 
Separation and Characterisation of the Trisaccharides.-
The mixture from the charcoal column (Fraction 4; 085 g.) 
was applied as a syrup to a cellulose column (60 cm. x 4cm. 
diam.) and eluted with ethyl methyl ketone-ethanol-water 
(9: 1 :1) saturated with boric acid. Fractions (25 ml.) 
were collected automatically and the contents of every fifth 
tube were evaporated to dryness followed by two further 
evaporations with methanol to remove boric acid, then 
analysed for carbohydrate by colorimetry and paper 
chromatography. No carbohydrate had emerged after 
7 days (at 60 ml./hr.) and the solvent was therefore changed 
to the new proportions 9: 1: 2. All the carbohydrate 
subsequently emerged in a volume of 6 1. Fractions were 
combined on the basis of analysis, evaporated to dryness, 
and freed from boric acid by evaporation of methanol. 
Fraction 4A. This syrup (less than 5 mg.) was shown by 
paper chromatography to contain disaccharides only. 
Fraction 4B. The syrup (0.22 g.) was shown by paper 
chromatography in solvent B to contain only the component 
which had been tentatively identified as 0-3-D-galactopyr-
anosyl- (I ->4) -0-CE-D-galactopyranosyl- ( l.-.3)-u-galactose, 
[aI D + 1560 (c 159, water). Methylation analysis using the 
methods described for the tetrasaccharide showed 2,3,4,6-
tetra-0-methylgalactose, 2,3,6-tri-0-methylgalactose, and 
2,4,6-tri-0-methylgalactose or their derivatives before 
reduction, and the former two only with a penta-O-methyl-
galactitol afterwards. Attempts to prepare the crystalline 
acetate, benzoate, and phenylosazone were unsuccessful. 
Fraction 4G. The syrup (0.17 g.) was shown by paper 
chromatography to contain a mixture Of trisaccharides. 
Fraction 4D. The syrup (0.22 g.) was chromatographic-
ally pure and corresponded to the component which had 
been tentatively identified as 0-a-n-galactopyranosyl-(l--3)-
0--D-galactopyranosyl-( l-+4)-o.-galactose. It was crystal-
lised and recrystallised from aqueous ethanol (80% v/v),  
m.p. 235-237° , [cc]D  +144* (c 273, water). Treatment 
with pyridine and acetic anhydride at room temperature for 
5 days gave the acetate, m.p. 275-277°, [aI D  + 103° (c 046, 
CHC13). Morgan and O'Neill 2  give m.p. 237-2390 , 
[a]D + 146° for the sugar to which they assigned the struc-
ture O-a-D-galactopyranosyl-( 1-*3)-O-a-D-galactopyranosyl-
(1-3)-D-galactose, and rn.p. 275-277 0 , [a] +106' for its 
acetate. Methylation analysis using the methods described 
for the tetrasaccharide showed 2,3,4,6-tetra-0-methyl-
galactose, 2,4,6-tri-0-methylgalactose, and 2, 3,6-tri-O-
niethylgalactose or their derivatives before reduction, and 
the former two only with a penta-O-methylgalactitol after-
wards. 
The Reverse Specificities of A cetolysis and Hydrolysis.-
X-Carrageenan which had been desulphated with methanolic 
hydrogen chloride 6  (200 mg.) was heated on a boiling water 
bath with 03N-sulphuric acid (100 ml.). Samples (10 ml.) 
were withdrawn from time to time and examined by paper 
chromatography in solvent B after neutralisation with 
Amberlite resin (IR 45, HO - form). Hydrolysis was almost 
complete after 8 hr. No 3-0-a-n-galactopyranosyl-n-
galactose was detected in any sample but substantial 
amounts of 4-0-3-n-galactopyranosyl-n-galactose were 
present at all intermediate stages of hydrolysis; the relative 
concentration was a maximum after hydrolysis for 2 hr. 
A second sample of desulphated X-carrageenan (200 mg.) 
was added at 0° to acetic anhydride (6 ml.), acetic acid 
(4•5 ml.), and concentrated sulphuric acid (0.5 ml.) and the 
mixture was stirred at room temperature. At intervals, 
samples (1 ml.) were worked up in the same way as for the 
large scale experiment (see above) and examined by paper 
chromatography. The amount of 3-0-a-D-galactopyr-
anosyl-o-galactose increased to a maximum after 48 hr.; 
4-0--D-galactopyranosyl-D-galactose was detectable as a 
minor product. 
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